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ABSTRACT
A PCR method with primers for t-RNA gene spacers was used for detection of 
Xanthomonas albilineans (Xa), the causal agent of leaf scald disease of sugarcane. A 
DNA segment of approximately 170 bp was amplified for Xa strains, but also for X. 
campestris pv. campestris, X. campestris pv. translucens and two sugarcane bacterial 
endophytes. Good agreement between PCR and isolation to detect Xa from sugarcane 
sap was observed. PCR was faster allowing pathogen detection in less than one day. 
Both methods resulted in low detection frequencies from asymptomatic plants, which 
may contain Xa below detection limits. The lowest limit for PCR was 26 cfus per 
reaction or 1.3x104 cfu/ml. Adoption of procedures to concentrate and lyse a larger 
number of bacterial cells could increase the PCR sensitivity.
DNA from 42 Xa isolates from four countries and seven other bacterial species 
was analyzed by rep-PCR with BOX and ERIC primers. Generated fingerprints of Xa 
were distinct from the other bacterial species. Within Xa, seven, nine and twelve 
groups were revealed by BOX, ERIC, and BOX and ERIC combined, respectively. 
Good agreement between group clustering and geographic origin and serovars was 
observed. Fingerprints were reproduced with cell lysate. Rep-PCR was faster and 
more reliable than Biolog or pathogenicity assay and could be used identify and study 
diversity in Xa.
Greenhouse experiments were conducted to determine the potential of 
infectivity titration to assess sugarcane cultivar resistance to leaf scald. Single-bud-
cuttings were inoculated with three Xa inoculum concentrations. An ED50 for each 
cultivar was estimated based on probit analysis of cumulative infection frequencies. 
Different ED50 values allowed cultivar grouping into three classes which were in 
agreement with field observations. Good agreement between ED50 values and 
cumulative frequencies of death and recovery in symptomatic plants, and the 
frequencies of symptomatic plants observed at different evaluation dates for plants 
inoculated with 108cfii/ml ofXa, also was observed. Greenhouse assays, using 
infectivity titration or just one inoculum concentration, could provide an alternative to 
field tests for assessing sugarcane resistance to leaf scald.
CHAPTER 1
INTRODUCTION
1
LITERATURE REVIEW
Sugarcane is a domesticated crop grown commercially for sugar production in 
many countries. In Louisiana, it has been planted for more than 200 years (1-7).
During this period, sugarcane has suffered from the attack of several plant pathogens. 
One example is the epidemics of sugarcane mosaic which, in combination with other 
diseases, nearly caused a collapse of the industry in the mid-1920s (1-7, 1-17). The 
disease was brought under control by the use of resistant cultivars.
The potentially dangerous disease leaf scald, caused by the vascular bacterium 
Xanthomonas albilineans (Ashby) Dowson, was detected for the first time in Louisiana 
in 1992 (1-10). A field survey conducted just after its detection revealed the presence 
of the pathogen in most of the sugarcane areas (1-11). The incidence and severity 
varied depending on the cultivar planted. The presence of this new disease in Louisiana 
caused concern among growers, plant pathologists, breeders and industry personnel for 
several reasons. Leaf scald can be a serious disease capable of killing entire stools of 
susceptible cultivars and causing severe yield losses (1-28). This was observed early 
this century on the susceptible "noble" canes {Saccharum officinamm) which were the 
most planted canes for sugar production (1-28). Leaf scald is more severe in plants 
stressed by environmental conditions, such as drought, water logging and low 
temperatures (1-24, 1-27, 1-29), and by the attack of other pathogens (1-28). In 
Louisiana, sugarcane production is already limited by extreme weather conditions that 
occur within and between seasons (1-11). In addition, other important diseases such as
smut caused by the fungus Ustilago scitaminea, and ratoon stunting caused by the 
bacterium Clavibacter xyli subsp. xyli, are widely distributed. Since the best way to 
control leaf scald is by the use of resistant cultivars (1-8, 1-28), sugarcane breeders 
now have to consider resistance trials in their program to assess cultivar resistance 
before releasing them for commercial planting. Control of leaf scald disease also may 
be obtained by the use of disease-free canes for planting (1-28). Since a curative 
method, as the heat-treatment used for ratoon stunting disease, is not available for leaf 
scald, the production of disease-free canes relies on the sensitivity of methods used for 
pathogen detection. In order to gain more information on the development of the 
disease on commercial Louisiana cultivars, and to devise appropriate measures of 
control based on accurate detection and identification o f the pathogen, a series of 
experiments was conducted. Polymerase chain reaction (PCR) methods were 
developed for detection and identification of the pathogen, and infectivity titration 
assays were used to assess the resistance of commercial cultivars to the disease.
Leaf scald of sugarcane is of worldwide distribution. It was first described in 
Java, Australia and Fiji in the 1920's (1-28). Recently, published data indicate it is 
present in 58 geographic locations in the Americas, Africa, Asia, Australia and Oceania 
(1-33). The dissemination of the pathogen over long distances has been attributed to 
the common occurrence of latent infections or asymptomatic plants (1-28). The 
pathogen is carried transported in stalks and remains unnoticed during the period 
imported canes are kept under observation in quarantines facilities. Dissemination
within fields occurs during the process of planting and harvesting (1-28). In this case, 
the pathogen is transferred from one cane or plant to another by the knives used in 
these operations. Evidence exists that within fields the pathogen also may be 
disseminated by aerial means (1-14). Once introduced in a country leaf scald has not 
been successfully eliminated.
In order to minimize the rate of pathogen dissemination to new areas and, 
consequently, to avoid disease epidemics, efforts have been centered on development 
of methods to detect the low populations of the bacteria present in latent infections (1- 
5, 1-12, 1-19, 1-30). Different procedures have been used for this purpose. Leoville 
and Coleno (1-19) described an immunofluorescent method in which tissues, taken 
internally from sugarcane stalks, were shredded and incubated for 18 h for bacterial 
multiplication. One drop of the culture was treated with fluorescent antibodies and 
observed by fluorescence microscopy. Positive results were obtained in samples 
collected from all symptomatic, 80% of asymptomatic (latent infection) and 66% of 
apparently healthy canes. Ricaud et al. (1-30) used a different procedure for sample 
preparation and X. albilineans detection. Sugarcane stalk or leaf tissues were left for 2 
h in sterile water to allow bacterial exudation. After centrifugation to concentrate the 
cells, a microagglutination test using polyclonal antibodies for X. albilineans was used. 
While positive agglutination was observed on exudates from 87.5% of symptomatic 
canes, no agglutination was observed on exudates of asymptomatic canes. Irey and 
Comstock (1-12) used enzyme-linked immunosorbent assay (ELISA) with a
commercially available monoclonal antibody developed for the genus Xanthomonas. 
Sugarcane extracts, obtained by centrifugation, were used for ELISA and for isolation 
of the pathogen on Wilbrinks agar. ELISA detected X. albilineans in 75.8%, 9.7% and 
0%, and isolation in 69.7%, 32.3%, and 0% of the samples extracted from 
symptomatic, asymptomatic (latent infection) and apparently healthy stalks, 
respectively. Davis et al. (1-5) developed a semi-selective medium based on Wilbrink's 
agar containing a fungicide and several antibiotics. The bacterium was consistently 
isolated from all symptomatic canes, but sporadically (data not shown by the authors) 
from sap of asymptomatic canes collected from the same diseased stool. The results 
presented clearly indicate that the methods developed so far are not sensitive enough to 
reliably detect X. albilineans from latent infections.
Recently, the polymerase chain reaction (PCR) has been successfully used in 
plant disease diagnosis (1-18, 1-22). PCR is a technique that permits an exponential 
amplification of specific segments of DNA (1-23), which are usually detected by 
ethidium bromide after electrophoresis. PCR has permitted detections of low 
populations of different species of bacteria and could also be applied to A", albilineans. 
Therefore, the first objective of this work was to develop a simple PCR-based 
technique to detect low populations of X. albilineans directly from sugarcane tissues, 
especially from latent infections.
The causal agent of leaf scald is a taxonomically well-defined species in the 
genus Xanthomonas (1-25, 1-35, 1-36, 1-43). Although variations among isolates
exist, they are apparently not enough to separate the pathogen into different species. 
Suspicions that X. albilineans did not form a homogeneous group were based, initially, 
on observation of changes in cultivar reactions to the pathogen that occurred over time 
and space (1-28). The suspicions were confirmed in Australia in an experiment where 
13 sugarcane cultivars were inoculated with four isolates obtained from different 
geographic locations in that country (1-26). The variation observed was in 
aggressiveness, with no specificity of the isolates for any of the cultivars tested. 
Sporadic outbreaks of leaf scald in places where the disease has been under control 
have been attributed to the occurrence of new variants (1-4).
Variation in other traits of X. albilineans, not involving its ability to cause 
disease in sugarcane, also has been the focus of attention. In studies including 
representatives from diverse geographic locations, 215 isolates were grouped into three 
serovars (1-33); 172 into five groups based on restriction fragment length 
polymorphisms (RFLP) with the use of the rare-cutting endonuclease Spe 1 (1-4); and 
65 into two groups based on protein patterns in sodium dodecyl sulphate- 
polyacrylamide gel electrophoresis (SDS-PAGE), three serovar groups, and three fatty 
acid methyl ester (FAME) groups (1-43). Although no attempts have been made to 
correlate these groups with pathogen aggressiveness or virulence, these groupings can 
be of value in pathogen identification and in epidemiological studies.
Recently a PCR-based technique, rep-PCR, was developed (1-38) and used to 
differentiate species of bacteria (1-3, 1-6, 1-13, 1-20, 1-21, 1-31, 1-32, 1-37, 1-38, 1-
42). Rep-PCR is based on primers designed to anneal to repetitive DNA sequences 
which are intergenic and dispersed throughout the genome of bacteria. PCR amplifies 
gene sequences between the outward-facing primers. Since the genes are of different 
sizes and arrangements in different bacterial species, specific banding patterns are 
produced after electrophoresis (1-37, 1-38). Rep-PCR applied to X. albilineans would 
be useful in the control of the leaf scald disease by allowing a correct identification of 
the pathogen. It also would be useful to determine the degree of variability among 
isolates and for comparisons with isolates from other countries. Therefore, the second 
objective of this work was to determine the usefulness of rep-PCR to identify and 
determine variability in X. albilineans.
Following the first description of leaf scald disease in the 1920's in Java, 
Australia and Fiji (1-28), it was soon observed that resistance could be used for disease 
control. Methods were then developed for testing cultivar resistance under field 
conditions (1-1, 1-2, 1-15, 1-39). The methods differ in what portion of the plant is 
inoculated and how the inoculum is applied. The most used method is probably the 
decapitation inoculation method. The spindle portion of young sugarcane plants is 
removed, and juice from crushed diseased canes or cell suspensions of cultured X  
albilineans is applied to the cut surface (1-8, 1-15, 1-16, 1-34, 1-40, 1-41). The 
inoculated surfaces may be covered with an aluminum cap to favor plant infection (1- 
15) or left uncovered if the inoculation is carried out under damp, cloudy weather or 
late in the day (1-8). The inoculated plants are compared with a susceptible cultivar for
the incidence and severity of symptoms, which are characterized by the presence of 
white leaf stripes, bleaching or scalding on leaves or on side shoots. Disease incidence 
and severity are usually combined in some fashion to a rating on one-to-nine numerical 
scale, with one representing highly resistant and nine highly susceptible reactions. This 
method has not always produced satisfactory results. In experiments carried out in 
Australia with 15 cultivars of known field reaction, variation in frequency of infection 
between experiments, which was attributed to weather conditions, were observed (1-8). 
The method did not permit separation of the intermediate from the susceptible group of 
cultivars. In addition, the cultivar Q 57, resistant in the field under natural infection 
conditions, was rated as intermediate based in the inoculation experiments.
Infectivity titration has been used in disease resistance tests in several crops 
against different bacterial diseases (1-9) and could, theoretically, also be used to assess 
sugarcane resistance to leaf scald. In an infectivity titration assay, the use of more than 
one inoculum concentration also would provide additional information on the cultivar- 
pathogen interaction. The concentration of cells necessary to infect and cause disease 
in 50% of the inoculated plants (ED50) and the mode of action of the bacterial cells to 
infect the plant tissues, whether acting cooperatively or independently, could be 
estimated (1-9). Therefore, the third objective of this work was to determine if 
infectivity titration experiments conducted in greenhouses would be useful in assessing 
the resistance of sugarcane to leaf scald disease.
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CHAPTER 2
PCR DETECTION OF XANTHOMONAS ALBILINEANS 
FROM VASCULAR SAP OF SUGARCANE
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INTRODUCTION
Xanthomonas albilineans (Ashby) Dowson causes leaf scald of sugarcane. The 
bacteria are limited to the xylem of the plant and may cause severe losses in fields 
planted with susceptible cultivars (2-20). Infected sugarcane plants may show different 
external symptoms depending on the phase of disease development (2-20). The chronic 
phase is characterized by variable symptoms, including white stripes, chlorosis, 
bleaching or necrosis on the leaf blade, death of young shoots, and the development of 
side shoots on mature stalks with symptomatic leaves. The acute phase is characterized 
by sudden wilting and death of mature stalks. Leaf scald disease also may occur as 
latent infections. Symptoms may be transient or absent in tolerant cultivars or when 
environmental conditions favor plant growth (2-20). Since sugarcane is vegetatively 
propagated, this situation makes the diagnosis and control of this disease difficult.
Latent infections has been the target of methods o f diagnosis since they are 
considered the main source for leaf scald dissemination within fields and among 
countries (2-20). Methods of diagnosis or X. albilineans detection involve the use of 
indicator plants, pathogen isolation, and serological procedures such as 
microaglutination, ELISA, and tissue blot immunoassay (2-3, 2-6, 2-9, 2-17, 2-21, 2- 
22). These techniques have not proved sensitive enough to reliably detect the pathogen 
in latent infections. The high sensitivity and specificity of the polymerase chain reaction 
(PCR) (2-18) suggested this technique had potential for detecting low populations of 
X. albilineans from plant tissues and, consequently, might be used for an accurate
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diagnosis of leaf scald disease. Using consensus t-RNA gene primers developed by 
Welsh and McClelland (2-26), segments of DNA from X. albilineans and Clavibacter 
xyli subsp. xyli, another important vascular pathogen of sugarcane (2-5), have been 
successfully amplified by PCR (2-12). The objective of this work was to determine if 
PCR, using t-RNA gene primers, could be used to detect X. albilineans directly from 
sugarcane vascular sap for diagnosis of leaf scald disease.
MATERIALS AND METHODS 
Bacterial strains and culture conditions. Preliminary work was conducted with 
strain Xa IT ofX. albilineans and strain Cxx 53-1 of C. xyli subsp. xyli (Table 2-1).
Xa IT was isolated from sugarcane cultivar LCP 82-89, following the procedure of 
Masuda and Tokeshi (2-15). A 5-mm segment containing the white stripe symptom 
was cut from a surface-desinfested leaf and left in sterile water on a microscope slide 
for 15-20 min for the bacterial cells to exude. The exudate was collected with a glass 
capillary under a dissecting microscope, transferred to Wilbrink's agar (2-20), and 
incubated at 28 C for 5 days. An individual colony was transferred to Wilbrink's broth 
and incubated with shaking at 28 C for 48 h prior to DNA extraction. Identification 
was confirmed by injecting cells into the base of 1-wk-old sweet corn seedlings, 
cultivar Silver Queen. Cells from strains Xct 90-1 of Xanthomonas campesiris pv. 
translucens, Xcc-4 of Xanthomonas campestris pv. campestris, and Xanthomonas 
oryzae pv. oryzae (Table 2-1) were cultured on Wilbrink's agar. Sugarcane bacterial 
endophytes were isolated from internodes of the upper third of symptomatic,
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TABLE 2-1. Species, host, origin and source of DNA used for PCR amplification.
Isolate3 Host Origin Source
Xa IT sugarcane LA-USA this study
Xa CTC-1 sugarcane Brazil A. Sanguino
Xa CTC-2 sugarcane Brazil A. Sanguino
XaLM G494T sugarcane Fiji F. Louws
Xa A 3509 sugarcane Mauritius A. Dookun
Xa A 3511 sugarcane Mauritius A. Dookun
Xa M 3508 sugarcane Mauritius A. Dookun
Xct 90-1 wheat LA-USA C. A. Clark
Xcc 4 cabagge LA-USA C. A. Clark
Xoo 18 rice LA-USA C. A. Clark
Ad 49037T sugarcane Brazil ATCCb
Cxx 53-1 sugarcane LA-USA this study
SE 49 sugarcane LA-USA this study
SE 51 sugarcane LA-USA this study
SE 53 sugarcane LA-USA this study
SE 64 sugarcane LA-USA this study
Sugarcane Cv. SP 
79-2233
Brazil A. Sanguino
a Xa=Xanthomoncis albilineans, Xct=Xanthomonas campestris pv. translucens, Xcc=X. 
campestris pv. campestris, Xoo=X. oryzae pv. oryzae, AA-Acetobacter diazotrophicus, 
Cxx=Clavibacter xyli subsp. xyli, and SE=sugarcane endophyte. 
b ATCC=American Type Culture Collection.
17
asymptomatic and apparently healthy, mature field-grown canes of cultivars LCP 82-89 
and HoCP 85-845. Symptomatic and asymptomatic stems were collected from the 
same diseased stool. Intemodes were cut, washed thoroughly with soap and tap water, 
rinsed with water, and dipped in 95% ethanol and flamed. The surface-desinfested 
intemodes were placed into sterile 50-ml plastic tubes, with flamed forceps, and 
centrifuged for 5 min at 1000 X g in a Damon centrifuge (model IEC HN-SII). Sap 
was transferred to 1.5 ml microfuge tubes and diluted 10 and 100 fold using sterile 
water. A 50-ul aliquot of each dilution was spread on Wilbrink's agar and incubated for 
5 days.
The strain Cxx 53-1 of C. xyli subsp. xyli was isolated from infected mature 
stalks of sugarcane cultivar CP 53-1. Tissue preparation and sap extraction were as 
described for endophyte isolation. Vascular sap from centrifuged intemodes was 
filtered through a 0.45-um syringe filter onto SC medium (2-8) and incubated at 28 C 
for 2 wk. An individual microcolony was transferred to RSD broth (2-5) and incubated 
at 28 C for 1 wk prior to DNA extraction. The sugarcane nitrogen-fixing bacterium 
Acetobacter diazotrophicus (Table 2-1) was grown on mannitol agar (2-4) at 28 C for 
5 days.
DNA extraction. Genomic DNA of A! albilineans strains CTC 1, CTC 2, LMG 494T, 
A 3509, A 3511, M 3508, and of sugarcane (cultivar SP 79-2233) were provided by 
other collaborators (Table 2-1). Genomic DNA from the remaining strains were 
extracted from broth cultures as described (2-1). DNA concentration was estimated
using a TKO 100 mini-fluorometer (Hoeffer Scientific Instruments, San Francisco, CA) 
and diluted to a concentration of 10 ng/ul.
PCR and electrophoresis conditions. PCR was carried out in 0.6-ml thin wall tubes 
in a total volume of 25 ul containing: 1 X amplification buffer (Promega, Madison,
WI), 2 mM MgCl, 0.3 uM of each primer [(T3A= 5'- GGGGGTTCGAATTCCCGCC 
GGCCCCA -3' and T5B= 5 AATGCTCTACCAACTGAACT-3' (2-26)], 140 uM of 
each dNTP, 0.65 U of Taq DNA polymerase (Promega, Madison, WI), and 2 ul of 
purified DNA (20 ng), cell suspension, or plant sap. The reactions were performed in 
an automated thermal cycler (Perkin-Elmer Corp., Norwalk, CA) with an initial cycle 
of 5 min at 95 C, to allow complete denaturation of the template DNA, and then 40 
cycles o f 30 sec at 94 C, 30 sec at 50 C, and 2 min at 72 C (2-26). After all 
amplification cycles were completed, 5 ul of 6 X loading buffer (2-14) was added to 
each tube and mixed. Fifteen ul of the mixture was electrophoresed on a 1.5 % agarose 
gel for 90 min at 2.9 V per cm. Amplified products were stained by rocking the gel 
with 0.04 ug/ml ethidium bromide for 20 min, destained for 1 h in water, and 
photographed (90 sec exposure) over a 302-nm UV transilluminator with Polaroid 55 
film. Amplified DNA sizes were estimated using DNA Frag software (2-23).
Cell lysate preparation and PCR sensitivity. Sap from intemodes o f a healthy 
sugarcane stalk of cultivar LCP 85-384 was extracted as described and filter-sterilized 
using a 0.2 um filter. One ml of a 3-day-old broth culture was centrifuged for 2 min at
12,000 X g in 1.5-ml microfuge tubes. Supernatant was discarded, and the pellet was
resuspended and serially diluted in filter-sterilized sap. Aliquots (100 ul) of the 
dilutions were plated on Wilbrink's agar to estimate cfu/ml. The remaining volumes 
were centrifuged again, and the pellets were resuspended in either 50 ul of autoclaved 
Milli-Q water or in extraction buffer containing 0.5 M Tris-HCl (pH 8.2), 2 % 
polyvinyl-pyrrolidone (PVP) 40, 140 mM NaCl, 0.05 % Tween 20, and 3 mM NaN3 
(2-19). Tubes were vortexed and boiled for 10 min. Two ul of each boiled cell 
suspension was added to 23 ul of master mix, and PCR was performed as described. 
Reliability of PCR. Detection of A. albilineans directly from sugarcane vascular sap 
was tested with 1183 leaf samples from 6-mo-old, artificially inoculated sugarcane 
plants of cultivars CP 65-357, CP 70-321, CP 72-370, CP 74-383, CP 79-318, CP 88- 
739, L 60-25, L 62-96, L 88-63, LCP 82-89, LCP 85-384, HoCP 85-845, LCP 86-454 
and LHo 83-153, grown under greenhouse conditions. The plants had been used in an 
infectivity titration experiment in which single bud-cuttings were inoculated with 101, 
10s, and 108 cells of the strain Xa IT per ml, and observed every 15 days for leaf scald 
symptoms, from 45 to 210 days after inoculation. We considered as asymptomatic, 
previously diseased plants not showing leaf scald symptoms over the four most recent 
(60 days) evaluations. At the last evaluation, nonsenescent leaves were excised from 
each plant using a flamed knife. Leaf sections (2.5 cm) were packed tightly into 1.5-ml 
microfuge tubes (2-7) and kept on ice until the tubes were centrifuged at 8,000 X g for 
3 min. The leaf segments were removed from the tubes using sterile tweezers. Sap 
volumes of around 20 ul were collected from each sample and plated on a semi-
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selective medium (2-6) using sterile toothpicks. The plates were observed for the 
presence of yellow nonmucoidal colonies, typical of X. albilineans, 7 days later. The 
remaining sap was prepared for PCR amplifications. A volume of 50 ul of the 
extraction buffer (2-19) was added to each tube, vortexed, and boiled for 10 min, as 
described in the PCR sensitivity test. An aliquot of 2 ul of the boiled sample was added 
to 23 ul of the master mix.
Field samples were collected from 21 leaf scald-infected and 21 apparently 
healthy sugarcane stools of cultivars HoCP 85-845 and LCP 82-89. The upper portion 
of symptomatic, asymptomatic and apparently healthy stalks were cut using a sterile 
knife and kept on ice for sap extraction. Symptomatic and asymptomatic stalks were 
collected from the same plant. Sap was extracted following the procedures described 
for endophyte isolation. The sap was transferred to 1.5-ml tubes and centrifuged at
8,000 X g for 3 min. The supernatant was discarded and 50 ul of 0.5 M Tris was 
added to each tube. The tubes were boiled for 10 min. An aliquot of 2 ul was added to 
23 ul of the master mix. PCR was performed as described.
RESULTS
Specificity of PCR for detecting A! albilineans using primers T3A and T5B was 
tested with purified DNA from X. albilineans strains, other bacterial species and 
purified DNA from sugarcane. Amplified products are shown in Fig. 2-1. Estimated 
product sizes ranged from 170 to 1700 bp. A segment of DNA of approximately 170 
bp was amplified for all strains of X. albilineans (one from Louisiana, two from Brazil,
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Fig. 2-1. Agarose gel electrophoresis of amplified PCR products generated from 
genomic DNA of multiple genera and species of bacteria and sugarcane, using the t- 
RNA gene primers T3A and T5B. Lanes l=Xa IT, 2=Xa CTC-1, 3=Xa CTC-2, 4=Xa 
LMG4941, 5=Xa M3508, 6=Xa A3509, 7=Xa A3511, 8=Cxx 53-1, 9=Ad 49037'1', 
10=Sugarcane cultivar SP 79-2233, ll=X ct 90-1, 12=Xcc-4,13=Xoo 18, 14=SE49, 
15=SE 51, 16=SE53, 17=SE 64, and 18=negative control. M=l-kb DNA markers.
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one from Fiji, and three from Mauritius), X. campestris pv. translucens, X. campestris 
pv. campestris, and the sugarcane endophytes SE 49 and SE 51, which were not 
identified to any known genus and species using the Biolog GN Micro Plate System 
(Biolog Inc., Hayward, CA). A segment of 970 bp, which resulted in a less intense 
band after electrophoresis, also was amplified for the Brazilian strain CTC 2, and for 
the three Mauritian strains. A 320 bp product was amplified for C. xyli subsp. xyli, 
allowing detection of another sugarcane pathogen using the same primer set. Segments 
of different sizes were amplified for A  diazotrophicus (800 bp), X. oryzae pv. oryzae 
(180 and 590 bp), and for the sugarcane endophytes SE 53 (200 and 310 bp) and SE 
64 (190 and 320 bp).
Sensitivity of PCR was tested using serially diluted cell suspensions of the strain 
Xa IT of X  albilineans. Amplified products are shown in Fig. 2-2. A segment of 
DNA of approximately 170 bp was amplified from 2 ul of cell suspensions containing 
1.3 x 108, 1.3 x 107, 1.3 x 106, 1.3 x 105, and 1.3 x 104 cells per ml from samples that 
received extraction buffer (lanes 1 to 5 in Fig. 2-2). Amplified product was detected 
only at the highest concentration (1.3 x 108 cells per ml, lane 7 in Fig. 2-2) in 
suspensions that received water instead of buffer. No product was amplified from 
filter-sterilized sap which was used as a control.
The ability of PCR to detect X. albilineans directly from sap of sugarcane 
plants grown under greenhouse and field conditions was tested. PCR was compared
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Fig. 2-2. Agarose gel electrophoresis of thel70-bp fragment generated by PCR from 
cell lysate of X  albilineans using the t-RNA gene primers T3 A and T5B. Actively 
growing cells of the strain Xa IT were suspended and serially diluted 10-fold in filter 
sterilized sap of a sugarcane stalk. The samples were centrifuged and the pellet 
resuspended in Tris buffer containing PVP (lanes 1 to 6) or in water (lanes 7 to 12) and 
boiled. A two-ul aliquot was added to the PCR master mix for DNA amplification. 
Lanes 1 and 7=1.3 x 108 cfus/ml, 2 and 8=1.3 x 107 cfiis/ml, 3 and 9=1.3 x 106 cfus/ml, 
4 and 10=1.3 x 10s cfus/ml, 5 and 11=1.3 x 104 cfus/ml, 6 and 12=1.3 x 103 cfus/ml, 
13=positive control (20 ng purified DNA), 14=negative control (water), and 
15=negative control (sap). M=100-bp DNA markers.
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with isolation for X  albilineans detection. Using greenhouse plant samples (Table 2- 
2), PCR and isolation detected X. albilineans in 74.0 and 90.3% of samples from 
symptomatic, 13.5 and 15.4% from asymptomatic and 8.7 and 7.2 % from apparently 
healthy sugarcane plants, respectively. Isolation detected X. albilineans in 16.8, 1.9, 
and 4.4% of symptomatic, asymptomatic and apparently heathy sugarcane plants in 
which the pathogen was not detected by PCR. PCR detected X. albilineans in 0.5 and 
2.9% of symptomatic and apparently healthy sugarcane plants in which the pathogen 
was not detected by isolation. Agreement between PCR and isolation were 82.7, 98.1 
and 92.7% to detect X. albilineans from symptomatic, asymptomatic and apparently 
healthy sugarcane plants, respectively.
Results from field samples are shown in Table 2-3. PCR detected X. 
albilineans in 85.7, 9.5 and 4.8% of symptomatic, asymptomatic and apparently 
healthy sugarcane samples. Isolation detected A! albilineans in 85.7, 23.8 and 4.8% of 
symptomatic, asymptomatic and apparently healthy sugarcane samples. Isolation 
detected X. albilineans in 9.5 and 14.3% of symptomatic and asymptomatic sugarcane 
samples in which the pathogen was not detected by PCR. PCR detected X. albilineans 
in 9.5% of symptomatic sugarcane plants in which the pathogen was not detected by 
isolation. Agreement between PCR and isolation were 81.0, 85.7 and 100% to detect 
X. albilineans from symptomatic, asymptomatic and apparently healthy sugarcane 
stalks, respectively.
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TABLE 2-2. Comparison o f isolation and PCR to detect Xanthomonas albilineans 
from leaves of 14 sugarcane cultivars grown under greenhouse conditions following dip 
inoculation. Sampled plants were classified as symptomatic, asymptomatic and 
apparently healthy.
Isolation PCR
Symptomatic3 Asymptomaticb Apparently
healthy
Samples % Samples % Samples %
+ 136 73.5 7 13.5 41 4.3
4" - 31 16.8 1 1.9 42 4.4
- + 1 0.5 0 0.0 27 2.9
- - 17 9.2 44 84.6 836 88.4
Total 185 100.0 52 100.0 946 100.0
a Samples consisted of leaf sap collected at the last symptom evaluation date (210 
days).
b Asymptomatic plants previously symptomatic plants that did not show symptoms 
from 150 to 210 days after inoculation.
TABLE 2-3. Comparison of isolation and PCR to detect Xanthomonas albilineans in 
vascular sap from stalks of sugarcane cultivars grown under field conditions. Samples 
consisted of sap collected from stalk internode from symptomatic, asymptomatic or 
apparently healthy sugarcane plants. Symptomatic and asymptomatic stalks were 
harvested from the same plant.
Isolation PCR
Symptomatic Asymtomatic Apparently
healthy
Samples % Samples % Samples %
+ + 16 76.2 2 9.5 1 4.8
+ - 2 9.5 3 14.3 0 0.0
- + 2 9.5 0 0.0 0 0.0
- - 1 4.8 16 76.2 20 95.2
Total 21 100.0 21 100.0 21 100.0
DISCUSSION
Consensus t-RNA gene primers, T3A and T5B, have been used to amplify DNA 
segments from t-RNA gene spacer regions of different organisms (2-24, 2-26). In this 
study, these primers were used for the detection of the vascular pathogen of sugarcane, 
X. albilineans. Segments of DNA of ca. 170 bp were amplified using pure DNA, 
cultured cells and sap from infected sugarcane plants. The primers were not specific.
A 170-bp segment also was amplified for X  campestris pv. translucens and A! 
campestris pv. campestris, which are not sugarcane pathogens, and for the endophytic 
bacteria SE 49 and SE 51 isolated from a symptomatic stalk of cultivar LCP 82-89.
The low percentage of false positives in the greenhouse and field samples suggests 
however that these bacteria are not frequent and /or in populations not large enough to 
be detected by PCR.
In this work we observed that sugarcane sap contains PCR inhibitors. The 
presence of PCR inhibitors in plant tissues has been a problem (2-2, 2-10, 2-25). For 
sugarcane, PCR inhibitors were blocked by adding to the plant sap Tris buffer 
containing PVP. This buffer was used initially by Nolasco et al. (2-19) in a method 
combining ELISA and PCR for detection of several plant viruses. The PVP probably 
binds to phenolic compounds which are known to inhibit PCR (2-11, 2-16). The high 
buffer pH also may be a factor. It has been shown that plant DNA extracted in alkaline 
(pH > 8.0) works better for PCR amplification than DNA extracted in acidic conditions
27
The PCR protocol, involving the addition of the Tris-PVP buffer during sample 
preparation, and an isolation technique, using a semi-selective medium, were compared 
for X. albilineans detection. Overall, good agreement between PCR and isolation was 
observed. PCR was faster allowing pathogen detection in less than one day while 
isolation, due to the slow growing nature of X. albilineans, required from five to seven 
days. Isolation from symptomatic plants required less time, probably due to the 
presence in the sap of a higher number of bacterial cells. Pathogen detection from 
asymptomatic plants resulted in low percentage with both methods. Asymptomatic 
plants may contain X. albilineans in numbers below the detection limit for both 
methods. The lowest limit for PCR was determined to be 1,3xl04 cfu per ml. This is 
equivalent to 26 cfu in the 2-ul aliquot added to the master mix. Considering the high 
sensitivity of PCR in which one bacterial cell could theoretically be detected, adoption 
of procedures that result in a larger number of lysed cells has the potential to decrease 
the detection limit over twenty fold. Additionally, sap filtration to concentrate the 
bacterial cells before amplification could be used. These procedures could allow 
detection of an even lower number ofX.  albilineans cells from plant tissues and make 
PCR an even better method for rapid diagnosis of the sugarcane leaf scald disease.
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CHAPTERS
IDENTIFICATION OF XANTHOMONAS ALBILINEANS USING PCR 
AND PRIMERS FOR REPETITIVE EXTRAGENIC SEQUENCES
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INTRODUCTION
Xanthomonas albilineans (Ashby) Dowson causes leaf scald, an 
important disease of sugarcane. The pathogen is limited to the xylem and may affect 
yield by reducing the number o f millable stalks, stalk weight and juice quality (3-13, 3- 
26). In the acute phase, entire plants may be killed. The disease was first described in 
the 1920's in Java, Australia and Fiji (3-26). In spite of quarantine measures, it spread 
around the world and, by 1993, was recorded in 58 geographic regions including the 
Americas, Africa, Asia, Australia and Oceania (3-30). Most recently, it was detected in 
Louisiana (3-12), Mexico (3-15) and Guatemala (3-22).
Xanthomonas albilineans is considered a well-defined species in the genus 
Xanthomonas (3-23, 3-36, 3-37, 3-42). However, variation occurs within the species. 
A recent leaf scald outbreak in Florida (3-4), where the disease had occurred in low 
levels since 1967, and Louisiana (3-12) was attributed to the introduction of a distinct 
genetic variant (3-6).
Several techniques have been used to study variation in X. albilineans. Persley 
(3-24) used artificial inoculation to demonstrate that isolates otX. albilineans from 
different regions of Australia exhibited different levels of aggressiveness in seven 
sugarcane cultivars. Rott et al. (3-29), using lytic bacteriophages and indirect 
immunofluorescence with antibodies prepared against isolates from three locations 
(Reunion, Burkina Faso and Guadeloupe), separated 28 isolates of X. albilineans from 
11 countries into six lysovars and three serovars. Using dot blot immunoassay and
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agglutination, in addition to immunofluorescence, the presence o f three serovars was 
confirmed later with a larger number of isolates (3-30). Serovar 1, or the Mascarene 
type, was the most widespread, including isolates from diverse geographic locations. 
Serovar 2, or the African type, included isolates only from African countries and 
serovar 3, or the Antilles type, included isolates from Caribbean islands, Fiji and Sri 
Lanka. Mascarene and African serovars also differed in lipopolysaccharide patterns 
when analyzed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS- 
PAGE) (3-9). Davis et al. (3-6) separated a large collection oiX. albilineans into four 
distinct groups based on fingerprints produced with restriction fragment length 
polymorphisms (RFLP) of genomic DNA. Several isolates were not assigned to any 
group due to their unusual banding pattern. Other techniques, such as SDS-PAGE of 
whole cell proteins and fatty acid methyl ester analysis (FAME) (3-36), also were 
useful to separate X. albilineans into different groups.
Recently the technique rep-PCR was developed (3-40) and used successfully to 
fingerprint a large number of microorganisms (3-3, 3-8, 3-17, 3-18, 3-19, 3-27, 3-28,
3-41). It is based upon the presence of repetitive DNA sequences dispersed in bacterial 
genomes. These sequences were initially identified in Streptococcus pneumoniae, 
Salmonella typhimurium and Escherichia coli, and named BOX elements (3-22), 
repetitive extragenic palindrome (REP) (3-33) or palindromic unit (PU) (3-11), and 
enterobacterial repetitive intergenic consensus (ERIC) (3-14) or intergenic repetitive 
unit (IRU) (3-32). Using complementary outward-facing oligonucleotide primers,
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DNA segments between repetitive elements are amplified (3-39). Amplified products 
vary in size, depending on the spacing of the rep sequence distribution, and result in 
unique banding patterns following agarose gel electrophoresis.
In this work, we show the use of rep-PCR with BOX and ERIC primers to 
distinguish different bacteria, some of which occur in sugarcane, and to study variation 
among isolates of A. albilineans from four different locations. In addition, Rep-PCR is 
compared to the Biolog® microplate system (3-2) and sweet com pathogenicity assay 
(3-34) for identification of A! albilineans.
MATERIALS AND METHODS 
Bacterial strains and culture conditions. A total of 55 bacterial isolates were 
included in the study (Table 3-1). The isolates were allowed to grow on different 
media at 28 C for a period of 3 to 7 days, with the exception of Clavibacter xyli subsp. 
xyli, which required a period of 10 to 15 days. The Louisiana isolates of X. albilineans 
were recovered from freeze-dried cultures and grown out on Wilbrink's agar (3-26).
The other Xanthomonas species were recovered from storage on silica gel and grown 
on Wilbrink's agar. The sugarcane nitrogen-fixing bacterium Acetobacter 
diazotrophicus', Escherichia coir, and the bermudagrass bacterium, Clavibacter xyli 
subsp. cynodontis were recovered from storage in 15% glycerol and cultured on 
mannitol agar (yeast extract 5 g, peptone 3 g, mannitol 25 g, agar 15 g, distilled water 
1 liter), LB agar (3-20), and SC (3-7), respectively. C. xyli subsp. xyli was isolated 
from a mature stalk of the sugarcane cultivar CP 53-1. Intemodes were excised from an
TABLE 3-1. Bacterial species, strain number and characterization based on Biolog, symptom production and rep-PCR.
Species8/ 
strain number
Host Origin Biologb
identification
Symptom 
in com'
Ren-PCR nattemd Source
BOX ERIC BOX+ ERIC
Xa/43 sugarcane LA-USA 0.72 (1) + A A A C. A. Clark
Xa/44 sugarcane LA-USA 0.70 (1) + A A A C. A. Clark
Xa/45 sugarcane LA-USA 0.83 (1) + A A A C. A. Clark
Xa/48 sugarcane LA-USA 0.27 (2) + A B B C. A. Clark
Xa/SCB 3 sugarcane LA-USA n. i. + A B B J. W. Hoy
Xa/SCB 4 sugarcane LA-USA 0.83 (1) + A B B J. W. Hoy
Xa/SCB 7 sugarcane LA-USA 0.03 (2) + A A A . J. W. Hoy
Xa/SCB 10 sugarcane LA-USA 0 . 1 2 (2) + A B B J. W. Hoy
Xa/SCB 11 sugarcane LA-USA 0.67 (1) + A B B J. W. Hoy
Xa/SCB 12 sugarcane LA-USA n. i. + A A A J. W. Hoy
Xa/SCB 13 sugarcane LA-USA 0.78 (1) + A A A J. W. Hoy
Xa/SCB 14 sugarcane LA-USA 0.47 (2) + A B B J. W. Hoy
Xa/SCB 16 sugarcane LA-USA 0.44 (2) + A B B J. W. Hoy
Xa/SCB 17 sugarcane LA-USA 0 . 1 2 (2) + A B B J. W. Hoy
Xa/SCB 20 sugarcane LA-USA n. i. + A B B J. W. Hoy
Xa/SCB 21 sugarcane LA-USA 0.06 (2) + A B B J. W. Hoy
Xa/SCB 22 sugarcane LA-USA 0.54 (1) + A B B J. W. Hoy
Xa/SCB 23 sugarcane LA-USA n. i. + A B B J. W. Hoy
Xa/SCB 24 sugarcane LA-USA n. i. + A B B J. W. Hoy
Xa/SCB 25 sugarcane LA-USA 0 .1 2 (2) + A B B J. W. Hoy
Xa/SCB 26 sugarcane LA-USA 0.11 (2) + A B B J. W. Hoy
Xa/SCB 40 sugarcane LA-USA 0.32 (2) + A B B J. W. Hoy
Xa/SCB 41 sugarcane LA-USA 0.14(2) + A B B J. W. Hoy
Xa/SCB 42 sugarcane LA-USA n. i. + A B B J. W. Hoy
(TABLE 3-1. cont’d)
Species”/ Host Origin Biologb Symptom Ren-PCR Dattemd Source
strain number identification in com0 BOX ERIC BOX+ ERIC
Xa/SCB 43 sugarcane LA-USA n. i. + A B B J. W. Hoy
Xa/IT sugarcane LA-USA 0.62 (1) + A B B J. W. Hoy
Xa/S sugarcane LA-USA n. t. + A B B J. W. Hoy
Xa/CTC 1 sugarcane SP-Brasil n. t n. t. B C C A. Sanguino
Xa/CTC 2 sugarcane SP-Brasil n. t. n. t. B B D A. Sanguino
Xa/CTC 3 sugarcane SP-Brasil n. t. n. t. B D E A. Sanguino
Xa/CTC 4 sugarcane SP-Brasil n. t. n. t. B D E A. Sanguino
Xa/LMG 494T sugarcane Fiji n. t. n. t. C E F F. J. Louws
Xa/M 3223 maize Mauritius n. t. n. t. D F G A. Dookun
Xa/M 3508 sugarcane Mauritius n. t. n. t. D G H A. Dookun
Xa/M 3516 sugarcane Mauritius n. t. n. t. D G H A. Dookun
Xa/M 3517 sugarcane Mauritius n. t. n. t. D G H A. Dookun
Xa/M 3536 sugarcane Mauritius n. t. n. t. D G H A. Dookun
Xa/A 3509 sugarcane Mauritius n. t. n. t. E G I A. Dookun
Xa/A 3510 sugarcane Mauritius n. t. n. t. E G I A. Dookun
Xa/A 3511 sugarcane Mauritius n. t. n. t. F H J A. Dookun
Xa/A 3512 sugarcane Mauritius n. t. n. t. G I K A. Dookun
Xa/A 3513 sugarcane Mauritius n. t. n. t. G G L A. Dookun
Xcvi/Xcvi 95-4 cowpea LA-USA 0.51 (1) - H J n. t. C. A. Clark
X00/X8-IA rice LA-USA 0.83 (1) - I K n. t. C. A. Clark
Xct/Xct 90-1 wheat LA-USA 0.78 (1) - J L n. t. C. A. Clark
Xccn/Xccu-7 cucurbit LA-USA n. t. - K M n. t. C. A. Clark
Xcc/Xcc-4 cabbage LA-USA n. t. - L IN n. t. C. A. Clark
Xf/Xf-40 strawbeny LA-USA n. t. - M O n. t. C. A. Clark
Xoo/Xoo-17 rice LA-USA 0.79 (1) - N P n. t. C. A. Clark
Xcp/Xcp-1 pelargonium IO-USA n. t. - O Q n. t. C. A. Clark 
IT ABLE 3-1. cont'dl
Species'1/
Host Origin
Biologb Symptom Rep-PCR pattemd
Sourcestrain number identification in comc BOX ERIC BOX-t-ERIC
Xcz/Xcz-2 zinnia LA-USA n. t. - P R n. t. C. A. Clark
Ad/ATCC 49037 sugarcane RJ-Brasil n. t. - Q S n. t. C. A. Clark
Cxx/Cxx 53-1 . sugarcane LA-USA n. t. n. t. R T n. t. own
Cxc bermudagrass LA-USA n. t. n. t. S U n. t. own
Ec DH5alDlia - - n. t. n. t. T V n. t. own
a X&=Xanthomonas albilineans, Xcc = Xanthomonas campestris pv. campestris, Xccu=X. campestris pv. cucurbitae, Xcvi=X. campestris pv. vignicola, 
Xct=X. campestris pv. translucens, Xcp=X. campestris pv. pelargonii, Xcz=X. campestris pv. zinniae, Xoo =Xanthomonas oryzae pv. oryzae,
Xf=Xanthomonas fragariae, Ad=Acetobacter diazotrophicus, Cxx= Clavibacter xyli sbsp. xyli, Cxc=Clavibacter xyli sbsp. cynodontis, Ec=Escherichia 
coli.
b Biolog similarity value for X. albilineans and choice in the output list of species; n. i. = not identified, n. t. = not tested.
c White leaf stripe on sweet com plants, cultivar Silver Queen, observed (+) or not observed (-) 20 and 30 days after inoculation; n. t. =not tested. 
d PCR fingerprints generated with primers complementary to BOX elements (BOX) and enterobacterial repetitive intergenic consensus (ERIC) sequences. 
Strains in the same group have identical fingerprints as determined by visual analysis of enlarged gel pictures. LMG 494T (= ATCC 339151). LMG, 
Laboratorium voor Microbiologie Culture Collection, Ghent, Belgium.
RSD-infected plant and centrifuged at 1000X g for 3 min. Extracted sap was filtered 
directly through a 0.45-um Millipore syringe filter (Millipore Corp., Bedford, MA) 
onto SC medium. All other plant-pathogenic bacteria used in this study were originally 
isolated from symptomatic hosts. The collection of the Louisiana X. albilineans 
strains was made between 1992, when the leaf scald disease was found for the first time 
in the state (3-12), and 1995. The bacterium was initially isolated on a semi-selective 
medium, as described (3-5).
Genomic DNA isolation. Genomic DNA was isolated as described (3-1). One and a 
half ml of 3-day-old liquid cultures were centrifuged in 1.5-ml microcentrifiige tubes for 
2 min at 13,800X g. The supernatants were discarded and the pellets resuspended in 
567 ul of TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0) by vortexing. Thirty ul of 10% 
SDS and 3 ul o f proteinase K (20 mg/ml) were added. The solution was thoroughly 
vortexed and incubated for 1 h at 37 C. Volumes of 100 ul of 5 M NaCl and 80 ul of 
CTAB/NaCl solutions were added with the tubes being vortexed after each addition. 
The tubes were incubated for 10 min at 65 C. A volume of 0.7 ml of 
chloroform/isoamyl alcohol was added, vortexed, and the tubes were centrifuged for 5 
min at 8,160X g. The aqueous phase was transferred to a fresh tube, extracted with 
phenol/chloroform/isoamyl alcohol and centrifuged for 5 min at 8,160X g. The 
supernatant was transferred to a fresh tube and 0.6 vol of isopropanol was added. The 
precipitate was washed with 70% ethanol, the supernatant removed after centrifugation 
and the pellet dried under vacuum. The pellet was resuspended in 100 ul of TE buffer
and stored at -20 C. DNA concentration was determined using a TKO 100 mini- 
fluorometer (Hoefer Scientific Instruments, San Francisco, CA) and diluted to a 
concentration of 10 ng/ul.
Oligonucleotide primers and PCR conditions. The oligonucleotide primers used for 
DNA amplification, BOX (BOXAlR=5'-CTACGGCAAGGCGACGCTGACG-3'), and 
ERIC (ERIClR=5'-ATGTAAGCTCCTGGGGATTCAC-3' and ERIC2=5'AAGTAAG 
TGACTGGGGTGAGCG-31) (3-39), were synthesized by GeneLab (Louisiana State 
University, Baton Rouge, LA). PCR was carried out in 25 ul volumes containing: IX 
amplification buffer (50 imM KC1, 10 mM Tris-HCl [pH 8.3], 0.1 % Triton X 100); 3 
mM MgCl2; 2 uM of each primer; 0.1 mM of dATP, dCTP, dGTP, and dTTP 
(Promega, Madison, WI); 1.25 U of Taq DNA polymerase and 2 ul of DNA (10 ng/ul) 
or cell lysate. The PCR solution was overlaid with two drops of sterile mineral oil. 
DNA amplifications were performed in an automated thermal cycler (Perkin-Elmer 
Corp., Norwalk, CN) with an initial cycle of 3 min at 95 C followed by 30 cycles of 1 
min at 94 C, 1 min at 50 C and 4 min at 65 C, with a final extension cycle of 10 min at 
65 C. The samples were maintained at 4 C. After amplification, the PCR solution was 
mixed with 5 ul of a 6X solution of loading buffer (3-20), and an aliquot of 10 ul of 
each sample was electrophoresed on a 1.5% agarose gel for 3 h at 2.9 V per cm. 
Amplified products were stained with ethidium bromide for 30 min, destained in water
for 1 h, and photographed (2 min exposure) over a 302-nm UV transilluminator with 
Polaroid 55 film. PCR experiments were conducted at least twice with all isolates. 
Banding pattern comparisons. Banding patterns were compared among X. 
albilineans isolates, and among X. albilineam and other bacterial isolates, through 
visual analysis of enlarged gel pictures. X. albilineans isolates having the same banding 
pattern were separated into groups for comparison. Two-dimensional binary matrices, 
representing banding patterns generated with BOX, ERIC and a combination with both 
primers were created for X. albilineans as described previously (3-17), with one 
indicating presence and zero absence of a particular band. Only the most intense and 
reproducible bands were considered. Cluster analysis were performed using 
SIMQUAL (Similarity for Qualitative data) and SAHN (Sequential Agglomerative 
Hierarchical and Nested) with the unweighted pair-group method with arithmetic 
averages (UPGMA) of the NTSYS-pc software (version 1.8; Exeter, Software, 
Setauket, NY).
Cell lysate PCR. An experiment was conducted to verify if cell lysates of X. 
albilineans could be used directly in the PCR reaction mixture instead of purified 
DNA. The effect of cell concentration also was determined. Cell lysate was prepared 
from a liquid culture and individual colonies of the isolate Xa/IT, as described 
previously (3-39). A 3-day-old liquid culture was 10-fold serially diluted. Cell 
concentration was measured by light absorbance at 600 nm and by plating 100 ul of 
each dilution series on Wilbrink's agar. One ml of each dilution series was centrifuged
in 1.5-ml microcentrifuge tubes at 13,800X g for 2 min. The supernatant was 
discarded and the pellet washed once in 1 ml of 1 M NaCl, washed once in 1 ml Tj-Ej 
(1 mM Tris, 1 mM EDTA, pH 8.0), resuspended in 100 ul of T10-E[, and boiled for 5 
min. A loopfull of cells of 10, 22, 33, 50, 180 and 210-day-old colonies was added 
directly to the NaCl solution, and the suspension was prepared as described. Two ul 
from each tube was added to 23 ul of the master mix, and PCR was performed as 
described.
Biolog tests. Thirty of the 55 bacterial isolates used in this study were tested using the 
Biolog GN Micro Plate System (Biolog Inc., Hayward, CA) for bacterial identification 
(3-2). Actively growing colonies were transferred to 50 ml tubes containing saline 
solution (0.85 % NaCl). Cell concentration was adjusted by comparing the turbidities 
of the samples to those of standards provided by the manufacturer. Cell suspensions 
were transferred to GN microlog plates, incubated for 48 h at 28 C, and evaluated 
using version 3.5 of the Biolog software.
Pathogenicity test. A total o f 37 isolates were included in the sweet com 
pathogenicity test: the 27 Louisiana isolates ofX. albilineans, all isolates of X. 
campestris (pathovars campestris, vignicola, translucens, cucurbitae, pelargonii and 
zinniae), X. oryzae pv. oryzae, X. fragariae, and A. diazotrophicus. Isolated colonies 
were transferred to 10-ml glass tubes containing 5 ml of Wilbrink's medium for 
inoculum production. Actively growing cells (A600ran=: 0.32 to 0.5) were inoculated into 
7-day-old sweet corn seedlings (cultivar Silver Queen) grown under greenhouse
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conditions (3-34). Cell suspensions were injected into the basal portion of the plants 
using 1 ml sterile syringe and needles. Sterile liquid medium was used as negative 
control. Ten plants were used for each isolate. The plants were evaluated for 
symptoms 20 and 30 days after inoculation.
RESULTS
PCR banding patterns. PCR with ERIC and BOX primers amplified segments of 
DNA from all bacteria tested resulting in patterns of multiple bands when resolved by 
electrophoresis. Most of the amplified segments were reproducible. Analysis was 
conducted with the most intense and reproducible bands. Amplified segments ranged 
from 0.3 to 2.8 kb and from 0.3 to 3.1 kb using BOX and ERIC primers, respectively. 
Comparisons between banding patterns among X. albilineans isolates and between X. 
albilineans and X. campestris pv. vignicola, X. campestris pv. oryzae, X. campestris 
pv. translucens, X. campestris pv. cucurbitae, X. campestris pv. campestris, X. 
campestris pv. pelargonii, X. campestris pv. zinnia, X. fragariae, A. diazotrophicns, C. 
xyli subsp. xyli, C. xyli subsp. cynodontis, and E. coli, showed conserved bands and 
variation within X. albilineans (Fig. 3-1 A and B and Fig. 3-2 A and B) and variation 
among different bacterial genera, species and pathovars (Fig. 3-1 C and Fig. 3-2 C).
A total of 15 bands, representing segments of DNA ranging from 0.33 to 1.91 
kb, were generated with BOX (Fig. 3-1 A and B), and a total of 13 bands, representing 
DNA segments ranging from 0.35 to 2.5 kb, were generated with ERIC primers (Fig.
3-2 A and B) in X. albilineans isolates, including 27 from Louisiana, four from Brazil,
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Fig. 3-1. A, B and C. PCR fingerprints of genomic DNA generated using primers 
complementary to BOX elements (B0XA1R). Fig. 3-1 A. X. albilineans. Lanes: 
l=Xa/SBC 7, 2=Xa/43, 3=Xa/44, 4=Xa/45, 5=Xa/IT, 6=Xa/48, 7=Xa/CTC 2, 8=Xa/S, 
9=Xa/SCB 3, 10=Xa/SCB 4, ll=Xa/SCB 10, i2=Xa/SCB 11, 13=Xa/SCB 12, 
14-Xa/SCB 13, 15=Xa/SCB 14, 16=Xa/SCB 16, 17=Xa/SCB 17, 18=Xa/SCB 20, 
19=Xa/SCB 21, 20=Xa/SCB 22, 21=Xa/SCB 24, and 22=negative control. M=lkb 
DNA markers.
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Fig 3-1 B. X. albilineans. Lanes: 23=Xa/SCB 25, 24=Xa/SCB 26, 25=Xa/SCB 40, 
26=Xa/SCB 41, 27=Xa/SCB 42, 28=Xa/SCB 43, 29=Xa/CTC 1, 30=Xa/CTC 3, 
31=Xa/CTC 4, 32=Xa/LMG 494T, 33=Xa/M 3223, 34=Xa/M 3508, 35=Xa/M 3516, 
36=Xa/M 3517, 37=Xa/M 3536, 38=Xa/A 3509, 39=Xa/A 3510, 40=Xa/A 3511, 
41=Xa/A 3513, 42=Xa/A 3512, and 43=negative control.
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Fig. 3-1 C. X. albilineans and other species of bacteria. Lanes: 44-Xa/43, AS=X. 
campestris pv. vignicola strain Xcvi 95-4, 46=X. oryzae pv. oryzae strain X8-1A, 
Al-X. campestris pv. translucens strain Xct 90-1, 48=X. campestris pv. cucurbitae 
strain Xccu 7, A9-X. campestris pv. campestris strain Xcc 4, 50=X. fragariae, 51=X. 
oryzae pv. oryzae strain Xoo, 52 =X.campestris pv. pelargonii strain Xcp 1, 53=X. 
campestris pv. zinniae strain Xcz 2, 5A=E. coli, 55 =A. diazotrophicus strain ATCC 
49037r, 56=C. xyli subsp .xyli strain Cxx 53-1.
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Fig. 3-2. A, B and C. PCR fingerprints of genomic DNA generated using primers 
complementary to enterobacterial repetitive intergenic consensus (ERIC) sequenses 
Fig. 3-2 A. X. albilineans. Lanes: l=Xa/Xa 43, 2=Xa/44, 3=Xa/45, 4=Xa/48, 
5=Xa/IT, 6=Xa/CTC 2, 7=Xa/S, 8=Xa/SCB 3, 9=Xa/SCB 4, 10-Xa/SCB 7,
1 l=Xa/SCB 10, 12=Xa/SCB 11, 13=Xa/SCB 12, 14=Xa/SCB 13, 15=Xa/SCB 14, 
16=Xa/SCB 16, 17=Xa/SCB 17, 18=Xa/SCB 20, 19=Xa/SCB 21, 20=Xa/SCB 22, 
21=Xa/SCB 24, and 22=negative control. M=l-kb DNA markers.
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Fig. 3-2 B. X. albilineans. Lanes: 23=Xa/SCB 25, 24=Xa/SCB 26, 25=Xa/SCB 40, 
26=Xa/SCB 41, 27=Xa/SCB 42, 28=Xa/SCB 43, 29=Xa/CTC 1, 30=Xa/CTC 3, 
31=Xa/CTC 4, 32=Xa/LMG 494T, 33=Xa/M 3223, 34=Xa/M 3508, 35=Xa7M 3516, 
36=Xa/M 3517, 37=Xa/M3536, 38=Xa/A3509, 39=Xa/A3510, 40=Xa/A3511, 
41=Xa/A 3513, 42=Xa/A 3512, and 43=negative control.
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Fig. 3-2 C. X. albilineans and other species of bacteria. Lanes: 44=Xa/43. Lanes 
45=X. campestris pv. vignicola strain Xcvi 95-4, 46=X. oryzae pv. oryzae strain X8- 
1 A, 41 =X. campestris pv. translucens strain Xct 90-1, 4&=X. campestris pv. cucurbitae 
strain Xccu 7, 49=X. campestris pv. campestris strain Xcc 4, 50=X! fragariae, S\=X. 
oryzae pv. oryzae strain Xoo, 52-X.campestris pv. pelargonii strain Xcp 1, 53-X. 
campestris pv. zinniae strain Xcz 2, 54 =E. coli, 55=A. diazotrophicus strain ATCC 
490371, and 56=C. xyli subsp .xyli strain Cxx 53-1.
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one from Fiji, and 10 from Mauritius (five each of African and Mascarene serovars). 
Banding patterns were used to construct binary matrices for cluster analysis (Tables 3- 
2, 3-3 and 3-4). Seven patterns or PCR groups were observed using BOX primer 
(Tables 3-1 and 3-2, Fig. 3-1 A and B). Group A included all and only the Louisiana 
isolates, B all the isolates from Brazil, and C the isolate from Fiji. The 10 isolates from 
Mauritius were separated in groups D, E, F and G. Group D included all five isolates 
of the Mascarene serovar; E the isolates A 3509 and A 3510; F the isolate A 3511; and 
G the isolates A 3512 and A 3513, all the African serovar. DNA segments of 510, 620, 
820, 1340 and 1470 bp were amplified for all isolates oiX. albilineans tested with 
BOX primer (Table 3-2). Nine patterns or PCR groups were observed within X. 
albilineans using ERIC primers (Tables 3-1 and 3-3, Fig. 3-2 A and B). Groups A and 
B included all the isolates'from Louisiana and the isolate CTC 2 from Brazil. Groups C 
and D included the isolates CTC 1, CTC 3, and CTC 4 from Brazil; and E the isolate 
LMG 494t  from Fiji. Groups F, G, H, and I included isolates from Mauritius. Group F 
included the isolate M 3223; G the isolates M 3508, M3516, M 3517, M 3536, A 3509, 
A 3510 and A 3513; H the isolate A 3511; and I the isolate A 3512. DNA segments of 
340, 470, 1140, and 2370 bp were amplified for all X  albilineans tested with ERIC 
primers (Table 3-3).
Similarity among the different A", albilineans groups (Fig. 3-3) was determined 
by analysis of binary matrices (Tables 3-2, 3-3 and 3-4) representing fingerprints using 
the SIMQUAL and SAHN programs of the NTSYS-PC software. The dendogram
TABLE 3-2. Binary matrix representing fingerprint generated with BOX primer 
(Fig. 3-1 A and 3-1 B) for groups of Xanthomonas albilineans isolates, with 
1 indicating the presence and 0 absence of each band in electrophoresis gel.
Approximate size BOX-PCR fingerprint groups
in base pairs of 
different bands* A B c D E F G
1910 1 1 1 1 0 0 0
1620 0 0 1 0 0 0 0
1470 1 1 1 1 1 1 1
1340 1 1 1 1 1 1 1
1250 1 1 1 1 0 0 0
1100 0 1 1 1 1 1
970 0 0 1 1 0 0 0
820 1 1 1 1 1 1 1
740 0 0 1 0 0 1 1
660 0 0 0 1 1 1
620 1 1 1 1 1 1 1
510 1 1 1 1 1 1 1
410 1 1 1 1 1 0 1
360 0 0 0 0 1 1 1
330 0 0 0 1 0 0 0
a Estimated based on Schaffer and Sederoff (3-31) using DNAFRAG software.
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TABLE 3-3. Binary matrix representing fingerprints generated with ERIC primers 
(Fig. 3-2 A and 3-2 B) for groups of Xanthomonas albilineans isolates, with 1 
indicating the presence and 0 absence of each band in the electrophoresis gel.
Approximate size
• 1^ *  ^r»
ERIC-PCR fingerprint groups
in base pairs of 
different band3 A B C D E F G H I
2370 1 1 1 1 1 1 1 1 1
1870 0 0 1 1 0 0 0 0 0
1580 1 1 1 1 0 0 0 0 1
1140 1 1 1 1 1 1 1 1 1
900 1 1 1 1 1 0 1 1 0
810 0 0 0 0 0 1 1 1 1
760 1 1 1 1 0 0 0 0 1
700 0 0 0 0 1 0 0 0 0
560 0 0 0 0 0 1 1 0 0
470 1 1 1 1 1 1 1 1 1
410 1 0 1 0 0 0 0 0 0
340 1 1 1 1 1 1 1 1 1
300 0 0 0 0 0 1 1 1 1
a Estimated based on Schaffer and Sederoff (3-31) using DNAFRAG software.
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TABLE 3-4. Binary matrix representing fingerprints generated with BOX (Fig. 3-1 A 
and 3-1 B) and ERIC (Fig. 3-2 A and 3-2 B) primers for groups of Xanthomonas 
albilineans isolates, with 1 indicating the presence and 0 absence of each band in 
electrophoresis gel.
Approximate 
size in base 
pairs"
Primer
Fingerprint groups
A B c D E F G H I J K L
2370 ERIC 1 1 1 1 1 1 1 1 1 1 1 1
1910 BOX 1 1 1 1 1 1 1 1 0 0 0 0
1870 ERIC 0 0 1 0 1 0 0 0 0 0 0 0
1620 BOX 0 0 0 1 0 0 0 0 0 0
1580 ERIC 1 1 1 1 1 0 0 0 0 0 1 0
1470 BOX 1 1 1 1 1 1 1 1 1 1 1 1
1340 BOX 1 1 1 1 1 1 1 1 1 1 1 1
1250 BOX 1 1 1 1 1 1 1 1
1140 ERIC 1 1 1 1 1 1 1 1 1 1 1 1
1100 BOX 0 0 1 1 1 0 1 1 1 1 1 1
970 BOX 0 0 0 1 1 1
900 ERIC 1 1 1 1 1 1 1 1 1 1
820 BOX 1 1 1 1 1 1 1 1 1 1 1 1
810 ERIC 0 0 0 0 0 0 1 1 1 1 1 1
760 ERIC 1 1 1 1 1 0 0 0 0 1
740 BOX 0 0 0 0 0 1 0 0 0 1 1 1
700 ERIC 0 0 0 0 0 1 0 0 0
660 BOX 0 0 0 0 0 0 0 0 1 1 1 1
620 BOX 1 1 1 1 1 1 1 1 1 1 1 1
560 ERIC 0 0 0 0 0 0 1 1 1 1
510 BOX 1 1 1 1 1 1 1 1 1 1 1 1
470 ERIC 1 1 1 1 1 1 1 1 1 1 1 1
410 BOX 1 1 1 1 1 1 1 1 1 1 1
410 ERIC 1 0 1 0 0 0 0 0
360 BOX 0 0 0 0 0 0 0 0 1 1 1 1
340 ERIC 1 1 1 1 1 1 1 1 1 1 1 1
330 BOX 0 0 0 0 0 0 1 1 0 0 0 0
300 ERIC 0 0 0 0 0 0 1 1 1 1 1 1
“Estimated based on Schaffer and Sederoff (3-31) using DNAFRAG software.
Fig. 3-3. Cluster analysis from matrices representing X. albilineans fingerprint groups 
generated with primers complementary to BOX elements and ERIC sequences. A. 
Cluster from BOX matrix (TABLE 3-2). B. Cluster from ERIC matrix (TABLE 3-3). 
C. Cluster from BOX and ERIC combined matrices (TABLE 3-4).
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generated with BOX banding patterns (Fig. 3-3 A) showed a good separation o f - 
isolates based on geographic origin and serovars. There was a high level o f similarity 
(93%) between isolates from Louisiana and Brazil. As a group, they shared 83% of the 
bands with all five Mauritian isolates of the Mascarene serovar and 76% with the 
isolate from Fiji. The five Mauritian isolates of the African serovar showed a high level 
of similarity among themselves (90 and 93 %) but were distantly related to all other 
isolates studied, sharing 57% of the bands.
The dendogram generated with ERIC banding patterns (Fig. 3-3 B) showed a 
relatively high level of similarity (92%) among the isolates from Louisiana, among the 
isolates from Brazil, and among the Mauritian isolates of the Mascarene serovar. The 
isolates of the African serovar were the most variable ones. They composed three 
distinct groups (G, H, I) with similarity values of 73% between groups G and I and of 
59% between G or I and H. Three isolates of the African clustered with the isolates of 
the Mascarene serovar sharing 92% of the bands. The isolate A 3511 was 77% similar 
to the isolates from Brazil and Louisiana and the isolate A 3512 was 73% similar to the 
other isolates from Africa and all the isolates from the Mascarene serovar. The 
similarity values between the isolate LMG 494T from Fiji and all other isolates were 59 
and 69%.
Clusterings obtained with the BOX/ERIC combined binary matrices (Table 3-4) 
are shown in Fig. 3-3 C. Four major clusters were produced including: all isolates from 
Louisiana and Brazil (92% similarity), all isolates of the Mascarene serovar (96%
similarity), and all isolates of the African serovar (85% similarity). The isolate LMG 
494t from Fiji was again the most distantly related sharing 74% of the bands with the 
Louisiana and Brazilian isolates and 64% of the bands with the isolates of the African 
and Mascarene serovars.
Cell lysate P C R  Fingerprints observed when 2 ul of cell lysate containing 109, 10s,
107 or 106 cfus per ml was used in the master mix with either ERIC or BOX primers 
were identical to those obtained using purified DNA (Fig. 3-5). Similar results were 
obtained with non-viable cells from plates as old as 210 days (results not shown). 
Biolog tests. The bacterial identification system Biolog was used on 30 isolates: 26 
from sugarcane, one from cowpea, two from rice, and one from wheat. The bacteria 
isolated from cowpea, rice and wheat were identified by Biolog as X. campestris pv. 
vignicola, X. oryzae pv. oryzae, and X. campestris pv. translucens, respectively. The 
results were variable for the bacteria isolated from leaf scald symptomatic sugarcane on 
a semi-selective medium and showing colony shape and color typical of X. albilineans. 
Eight (30.8 %) of the 26 isolates tested were identified as X. albilineans with similarity 
values greater than 0.50, and 18 (69.2 %) as another bacterial species (usually 
Xanthomonas oryzae pv. oryzae B), with X. albilineans being the second choice or not 
being included in the list of possible species.
Pathogenicity test. Sweet com plants inoculated with X. albilineans isolates 
expressed leaf scald symptoms (Table 3-1), which consisted of white longitudinal leaf 
stripes associated with burned tips. Plants inoculated with both strains of A", oryzae pv.
Fig. 3-4. PCR fingerprints of lysate preparation from X. albilineans cell suspensions 
using primers complementary to enterobacterial repetitive intergenic consensus 
sequences (ERIC) (lanes 1 to 6) and BOX elements (BOXA1R) (lanes 7 to 12). Lanes 
1 and 7=109, 2 and 8=108, 3 and 9=107, 4 and 10=106, 5 and 11=105, 6 and 12=104 
cfu/ml. M=l-kb DNA markers. Two ul of each sample was added to 23 ul of the 
master mix.
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oryzae showed necrotic leaf lesions of approximately 1 cm in length surrounding the 
site of inoculation. The lesions did not enlarge and disappeared with growth of the 
leaves. Plants inoculated with X. campestris pathovars, X. fragariae, A. 
diazotrophicus, and the negative control did not express any visible symptoms. The 
identification of X. albilineans based on symptom production in sweet corn was in 
complete agreement with the BOX and ERIC fingerprints characteristic of X. 
albilineans isolates.
DISCUSSION
PCR using primers for repetitive extragenic sequences has been employed in 
studies of genetic diversity of a number of microorganisms. This study demonstrated it 
can distinguish X. albilineans from other bacterial species, including other plant 
pathogenic Xanthomonas spp., and separate isolates o iX  albilineans from different 
geographic locations and serovars into distinct groups.
The Louisiana isolates included in this study were isolated over the last three 
years from different regions in the state (3-13). Leaf scald was first detected in 
Louisiana in November 1992 (3-12), and by 1993, it was present in nearly all Louisiana 
sugarcane areas (3-13). Rep-PCR fingerprints were similar for all isolates tested which 
confirm previous RFLP results with five Louisiana isolates (3-9). The similarity of 
PCR fingerprints indicates the Louisiana isolates form a homogeneous group, 
suggesting a common origin. The geographic origin of the isolates which appeared in
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Louisiana could not be determined in this study, but would probably be determined in a 
more comprehensive study including isolates from a larger number of locations.
Rep-PCR fingerprints generated with the X. albilineans isolates from Mauritius 
did not result in similar fingerprints. It has been shown previously that two distinct 
populations, one belonging to the Mascarene serovar, the most common, and another 
to the African serovar, are present (3-9). Isolates from both serogroups could be 
separated based on Ouchterlony's double diffusion test using polyclonal antibody but 
not on the basis of symptom production in sugarcane, cultural characteristics, 
biochemical and physiological properties, or protein profiles in polyacrylamide gel 
electrophoresis (3-9). Like the serological diffusion test, rep-PCR also allowed 
separation of both serogroups. It also showed higher variability among the isolates of 
the African than among the isolates of Mascarene serovar. The fingerprints generated 
with the Brazilian isolates were similar among themselves. However, due to the small 
number of isolates included in the study, no final conclusion can be made on the 
uniformity of the X. albilineans population occurring in Brazil. Three of the Brazilian 
isolates (CTC 1, CTC 3 and CTC 4), which produced identical fingerprints with rep- 
PCR, also have been determined to belong to the Mascarene serovar (A. Sanguino, 
personal communication). This indicates that while isolates of the Mascarene serovar 
are uniform within a country they vary between countries.
The only isolate from Fiji included in this study, which happens to be the type 
isolate, produced atypical fingerprints and was not included in any of the other X.
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albilineans groups. Isolates from Fiji have shown unusual fingerprints also when 
analyzed by RFLP of genomic DNA (3-6) and SDS-PAGE of extracellular 
polysacharides (3-25).
Restriction fragment polymorphisms of genomic DNA has been used to study 
diversity oiX. albilineans populations (3-6). The Louisiana and Brazilian isolates 
were placed in the same group using RFLPs (3-6) but in two distinct groups using rep- 
PCR with the BOX primer, as shown in this study. This indicates rep-PCR could be a 
more appropriate method for epidemiological studies to determine spread of A". 
albilineans between and within countries.
Studies on genetic diversity using rep-PCR have been conducted on plant 
pathogenic bacteria (3-18, 3-19), bacteria involved in nitrogen fixation in leguminous 
plants (3-8, 3-17) and bacteria causing disease in humans (3-3, 3-27, 3-28, 3-41). The 
present results confirm previous results indicating that repetitive sequences of DNA, 
initially described in S. pneumoniae, S. typhimurium and E. coli (3-11, 3-14, 3-21, 3- 
32, 3-33), are conserved in a large number of phylogenetically unrelated bacteria (3- 
40). Their presence in fungi also has been demonstrated (3-10). Differences in size of 
the amplified segments, resulting in unique banding patterns, indicate different distances 
between repetitive sequences (3-39). In this study, amplified segments from X. 
albilineans isolates ranged from 0.3 to 2.8 kb, which permitted separation of the 
isolates into several groups. Whether these groups or isolates within groups differ in 
ability to cause disease in sugarcane remains to be determined.
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Rep-PCR was compared with Biolog and pathogenicity in sweet corn for leaf 
scald pathogen identification. Biolog correctly identified the pathogen in only 30.8% of 
the cases. Low identification efficiency of Biolog also has been shown with other plant 
pathogenic bacteria (3-16, 3-38). However, the efficiency was greatly improved when 
the database was complemented with information from a larger number of isolates of 
the target bacteria (3-16, 3-38). Improvements also have been obtained with 
modifications of the standard protocol prescribed by the manufacturer for bacterial 
growth and cell preparation before plating (3-35). The protocol used for X. albilineans 
isolates shown in this study was also a modification of the standard protocol. They had 
to be cultured on Wilbrink's agar for 48 h, instead of on tryptic soy agar for 18 h, in 
order to produce enough cells for analysis. Inoculation in sweet com proved to be 
more reliable than Biolog. Only X. albilineans isolates, conforming to the rep-PCR 
fingerprint, induced characteristic leaf scald symptoms. A limitation of this procedure 
for routine use would be the relatively long time for symptom development.
PCR, using either BOX or ERIC, proved to be simpler and faster than Biolog 
or sweet corn pathogenicity for X. albilineans identification. Its specificity was 
demonstrated with 42 isolates of X. albilineans from different geographic locations, 
several pathovars of X. campestris, X. fragariae, X. oryzae pv. oryzae, A. 
diazotrophicus, C. xyli subsp. xyli, C. xyli subsp. cynodontis, and E. coli. Several 
other bacteria isolated from sugarcane xylem sap on selective media and resembling X. 
albilineans also have been included and distinguished from X. albilineans (results not
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shown). PCR proved to be reliable with cell lysate as well as with purified DNA. 
Identical results were obtained with different cell concentrations and with cell lysate 
prepared with individual colonies as old as 7 months. Use o f cell lysate greatly 
simplified the protocol. Time and costs were reduced, and the hazardous procedures 
involved in DNA isolation were avoided. Providing colonies or liquid cultures are 
available, effective identification can be performed in less than 1 day. In conclusion, 
PCR can be an effective tool in studies of genetic diversity in X. albilineans, and with 
the use of cell lysate, a fast, reliable method to identify the pathogen for routine disease 
diagnosis.
REFERENCES
3-1. Ausubel, F. M., R. Brent, R. E. Kingston, D. D. Moore, J. G. Seidman, J. A. 
Smith, and K. Struhl. 1992. Current Protocols in Molecular Biology, vol. I. Greene 
Publishing Associates and Wiley-Interscience, New York.
3-2. Bochner, B. 1989. Sleuthing out bacterial identities. Nature 339:157-158.
3-3. Chatelut, M., J. L. Doumes, G. Chabanon, and N. Marty. 1995. Epidemiological 
typing of Stenotrophomonas (Xanthomonas) maltophilia by PCR. J. Clin. Microbiol. 
33:912-914.
3-4. Comstock, J. C., and J. M. Shine, Jr. 1992. Outbreak of leaf scald o f sugarcane, 
caused by Xanthomonas albilineans, in Florida. Plant Dis. 76:426.
3-5. Davis, M. J., P. Rott, P. Baudin, and J. L. Dean. 1994. Evaluation o f selective 
media and immunoassays for detection of Xanthomonas albilineans, causal agent of 
sugarcane leaf scald disease. Plant Dis. 78:78-82.
3-6. Davis, M. J., C. J. Warmuth, P. Rott, M. Chatenet, and P. Baudin. 1994. 
Worldwide genetic variations in the sugarcane leaf scald disease pathogen, 
Xanthomonas albilineans. Sugar y Azucar 89:34.
62
3-7. Davis, M. J., A. G. Gillaspie, Jr., R. W. Harris, and R. H. Lawson. 1980. Ratoon 
stunting disease of sugarcane: isolation of the causal bacterium. Science 210:1365- 
1367.
3-8. deBruijn, F. 1992. Use of repetitive (Repetitive Extragenic Palindromic and 
Enterobacterial Repetitive Intergeneric Consensus) sequences and the polymerase chain
reaction to fingerprint the genomes of Rhizobium meliloti isolates and other soil 
bacteria. Appl. Environ. Microbiol. 58:2180-2187.
3-9. Dookun, A., S. Saumtally, and L. J. C. Autrey. 1994. Antigenic differences in 
Xanthomonas albilineans, causal agent of leaf scald disease of sugar cane. Pages 301- 
310 in: Proc. 8th Int. Conf. Plant Path. Bacteria. Versailles, France, 1992.
3-10. Edel, V., C. Steinberg, I. Avelange, G. Laguerre, and C. Alabouvette. 1995. 
Comparison of three molecular methods for the characterization of Fusarium 
oxysporum strains. Phytopathology 85:579-585.
3-11. Gilson, E., J.-M. Clement, D. Brutlag, and M. Hofnung. 1984, A family of 
dispersed repetitive extragenic palindromic DNA sequences in E. coli. EMBO J. 
3:1417-1421.
3-12. Grisham, M. P., B. L. Legendre, and J. C. Comstock. 1993. First report of leaf 
scald, caused by Xanthomonas albilineans, of sugarcane in Louisiana. Plant Dis. 
77:537.
3-13. Hoy, J. W., and M. P. Grisham. 1994. Sugarcane leaf scald distribution, 
symptomatology, and effect on yield in Louisiana. Plant Dis. 78:1083-1087.
3-14. Hulton, C. S. J., C. F. Higgins, and P. M. Sharp. 1991. ERIC sequences: a 
novel family of repetitive elements in the genomes of Escherichia coli, Salmonella 
typhimurium and other enterobacteria. Mol. Microbiol. 5:825-834,
3-15. Irvine, J. E., J. M. Amador, M. I. Gallo R., C. M. Riess, and J. C. Comstock. 
1993. First report of leaf scald, caused by Xanthomonas albilineans, of sugarcane in 
Mexico. Plant Dis. 77:846.
3-16. Jones, J. B., A. R. Chase, and G. K. Harris. 1993. Evaluation of the Biolog GN 
microplate system for identification of some plant-pathogenic bacteria. Plant Dis. 
77:553-558.
63
3-17. Judd, A. K., M. Schneider, M. J. Sadowsky, and F. J. de Bruijn. 1993. Use of 
repetitive sequences and the polymerase chain reaction technique to classify genetically 
related Bradyrhizobium japonicum serocluster 123 strains. Appl. Environ. Microbiol. 
59:1702-1708.
3-18. Louws, F. J., D. W. Fulbright, C. T. Stephens, and F. J. de Bruijn. 1995. 
Differentiation of genomic structure by rep-PCR fingerprinting to rapidly classify 
Xanthomonas campestris pv. vesicatoria. Phytopathology. 85:528-536.
3-19. Louws, F. J., D. W. Fulbright, C. T. Stephens, and F. J. de Bruijn. 1994.
Specific genomic fingerprints o f phytopathogenic Xanthomonas and Pseudomonas 
pathovars and strains generated with repetitive sequences and PCR. Appl. Environ. 
Microbiol. 60:2286-2295.
3-20. Maniatis, T., E. F. Fritsch, and J. Sambrook. 1982. Molecular Cloning: a 
Laboratory Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.
3-21. Martin, B., O. Humbert, M. Camara, E. Guenzi, J. Walker, T. Mitchell, P. 
Andrew, M. Prudhomme, G. Alloing, R. Hakenbeck, D. A. Morrison, G. J. Boulnois 
and J.-P. Claverys. 1992. A highly conserved repeated DNA element located in the 
chromosome of Streptococcus pneumoniae. Nucleic Acids Res. 20:3479-3483.
3-22. Ovalle, W., J. Comstock, J. Juarez, and G. Soto. 1995. First report of leaf scald 
of sugarcane {Xanthomonas albilineans) in Guatemala. Plant Dis. 79:212.
3-23. Palleroni, N. J., D. C. Hildebrand, M. N. Schroth, and M. Hendson. 1993. 
Deoxyribonucleic acid relatedness of 21 strains of Xanthomonas species and pathovars. 
J. Appl. Bacteriol. 75:441-446
3-24. Persley, G. J. 1973. Pathogenic variation in Xanthomonas albilineans (Ashby) 
Dowson, the causal agent of leaf-scald disease of sugar cane. Aust. J. Biol. Sci. 
26:781-786.
3-25. Pillay, D., B. Pillay, E. A. Wachters, and L. Korsten. 1995. Electrophoretic and 
immunological analysis of lipopolysaccharides of Xanthomonas albilineans from three 
geographic regions. Lett. Appl. Microbiol. 21:210-214.
3-26. Ricaud C., and C. C. Ryan. 1989. Leaf scald. Pages 39-58 in: Diseases of 
Sugarcane: Major Diseases. Ricaud C., B. T. Egan, A. G. Gillaspie Jr., and C. G. 
Hughes, eds. Elsevier Science Publishers, Amsterdam.
64
3-27. Rivera, I. G., M. A. R. Chowdhury, A. Huq, D. Jacobs, M. T. Martins, and R.
R. Colwell. 1995. Enterobacterial repetitive intergenic consensus sequences and the 
PCR to generate fingerprints o f genomic DNAs from Vibrio cholerae 01, 0139, and 
non-01 strains. Appl. Environ. Microbiol. 61:2898-2904.
3-28. Rodriguez-Barradas, M. C., R. J. Hamill, E. D. Houston, P. R. Georghiou, J. E. 
Clarridge, R. L. Regnery, and J. E. Koehler. 1995. Genomic fingerprinting of 
Bartonella species by repetitive element PCR for distinguishing species and isolates. J. 
Clin. Microbiol. 33:1089-1093.
3-29. Rott, P., M. Amaud, and P. Baudin. 1986. Serological and lysotypical 
variability of Xanthomonas albilineans (Ashby) Dowson, causal agent o f sugarcane 
leaf scald disease. J. Phytopathol. 116:201-211.
3-30. Rott, P., M. J. Davis, and P. Baudin. 1994. Serological variability in 
Xanthomonas albilineans, causal agent o f leaf scald disease of sugarcane. Plant 
Pathol. 43:344-349.
3-31. Schaffer, H. E., and R. R. Sederoff. 1981. Improved estimation of DNA 
fragment lengths from agarose gels. Anal. Biochem. 115:113-122,
3-32. Sharpies, G. J., and R. G. Lloyd. 1990. A novel repeated DNA sequence 
located in the intergenic regions of bacterial chromosomes. Nucleic Acids Res. 
18:6503-6508.
3-33. Stern, M. J., G. F.-L. Ames, N. H. Smith, E. C. Robinson, and C. F. Higgins. 
1984. Repetitive extragenic palindromic sequences: a major component of the bacterial 
genome. Cell 37:1015-1026.
3-34. Sordi, R. A., and H. Tokeshi. 1987. Uso do milho doce como planta indicadora 
da escaldadura das folhas da cana-de-acucar, causada por Xanthomonas albilineans. 
Summa Phytopathologica 13:93-112.
3-35. Tonso, N. L., V. G. Matheson, and W. E. Holben. 1995. Polyphasic 
characterization of a suite of bacterial isolates capable of degrading 2,4-D. Microb. 
Ecol. 30:3-24.
3-36. Vauterin, L., P. Yang, B. Hoste, B. Pot, J. Swings, and K. Kersters. 1992. 
Taxonomy of xanthomonads from cereals and grasses based on SDS-PAGE of 
proteins, fatty acid analysis and DNA hybridization. J. Gen. Microbiol. 138:1467- 
1477.
65
3-37. Vauterin, L., B. Hoste, K. Kersters, and J. Swings. 1995. Reclassification of 
Xanthomonas. Int. J. Syst. Bacteriol. 45:472-489.
3-38. Vemiere, C., O. Pruvost, E. L. Civerolo, O. Gambin, J. P. Jacquemoud-Collet, 
and J. Luisetti. 1993. Evaluation of the Biolog substrate utilization system to identify 
and assess metabolic variation among strains of Xanthomonas campestris pv. citri.
Appl. Environ. Microbiol. 59:243-249.
3-39. Versalovic, J., M. Schneider, F. J. de Bruijn, and J. R. Lupski. 1994. Genomic 
fingerprinting of bacteria using repetitive sequence-based polymerase chain reaction. 
Meth. Mol. Cell. Biol. 5:25-40.
3-40. Versalovic, J., and J. R. Lupski. 1991. Distribution of repetitive DNA 
sequenses in eubacteria and application to fingerprinting of bacterial genomes. Nucleic 
Acids Res. 19:6823-6831.
3-41. Woods, C. R., J. Versalovic, T. Koeuth, and J. R. Lupski. 1993. Whole-cell 
repetitive element sequense-based polymerase chain reaction allows rapid assessment of 
clonal relationships of bacterial isolates. J. Clin. Microbiol. 31:1927-1931.
3-42. Yang, P., P. Rott, L. Vauterin, B. Hoste, P. Baudin, K. Kersters, and J. Swings. 
1993. Intraspecific variability of Xanthomonas albilineans. Syst. Appl. Microbiol. 
16:420-426.
CHAPTER 4
INFECTIVITY TITRATION FOR ASSESSING RESISTANCE TO LEAF 
SCALD AMONG SUGARCANE CULTIVARS
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INTRODUCTION
Leaf scald caused by Xanthomonas albilineans (Ashby) Dowson is a potentially 
severe disease of sugarcane (interspecific hybrids of Saccharum L.) (4-16). The 
pathogen colonizes the xylem and may or may not induce visible symptoms in infected 
plants. When present, symptoms range from white leaf stripes or bleaching to 
extensive leaf necrosis which may result in death of shoots or entire plants of 
susceptible cultivars (4-10, 4-16). Symptom expression and severity is associated with 
the level of cultivar resistance, environmental conditions, and pathogen aggressiveness. 
Severe losses to leaf scald occurred early in this century on susceptible "noble canes" 
derived from Saccharum officinarum L. The introduction of more resistant hybrid 
cultivars, produced from crosses involving S. spontaneum L., brought the disease under 
control (4-16). However, the continued rapid spread of leaf scald throughout the 
sugarcane growing regions of the world, and the occurrence of periodic outbreaks in 
areas where the disease was assumed to be under control, have caused concern.
In the continental United States, leaf scald was first detected in Florida in 1967 
(4-11). There, it remained very limited in distribution until the late 1980s, when it 
spread rapidly through the industry (4-1). Leaf scald was detected in Louisiana in 1992 
(4-8). Soon after its detection in Louisiana, a field survey was undertaken to determine 
the distribution of the disease in the state and to evaluate the response of commercial 
cultivars (4-10). Leaf scald was found in all growing areas with differing incidence and 
severity depending on the cultivar. Since planting resistant cultivars is the most
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effective method of control (4-4, 4-16), the objective of this study was to determine if 
an inoculation test conducted in the greenhouse, using infectivity titration, would be 
useful to accurately assess the resistance of promising sugarcane clones developed by 
breeding programs. Infectivity titration has been used in other pathosystems (4-5) and 
to test sugarcane resistance against the ratoon stunting disease (RSD) pathogen, 
Clavibacter xyli subsp. xyli (4-9). Preliminary results of this research have been 
reported (4-14).
MATERIALS AND METHODS 
Source of sugarcane. Stalks of 13 cultivars (CP 65-357, CP 70-321, CP 72-370, CP 
74-383, CP 79-318, CP 88-739, L 62-96, L 88-63, LCP 82-89, LCP 85-384, HoCP 
85-845, LCP 86-454, LHo 83-153 and RSD-infected CP 70-321 and CP 74-383) were 
collected during Oct 1993 and Dec 1994, from plants derived from meristem culture 
and grown at the Louisiana State University Agricultural Center, St. Gabriel 
Experiment Station, the USDA-ARS Sugarcane Research Unit at Houma, and a 
commercial seedcane farm at Theriot, LA. The basal internode of each stalk was 
assayed for RSD by alkaline-induced metaxylem autofluorescence (4-2) of stem cross 
sections and confirmed by dark-field microscopic observation of centrifuged plant sap 
(4-7) for the presence of C. xyli subsp. xyli. Approximately 120 single-bud-cuttings, 4 
cm in length, were cut from each cultivar for inoculation.
Inoculum preparation. Xanthomonas albilineans was isolated from cultivar LCP 82- 
89 as described previously (4-15). A leaf showing symptoms of leaf scald was washed
thoroughly with tap water and dried with a paper towel. Segments approximately 1 cm 
in length were excised from longitudinal white stripes, transferred to a microscope slide 
containing sterile water, and observed under a dissecting microscope for bacterial cell 
exudation. Cell exudate was collected with a Pasteur pipet, transferred to semi- 
selective medium (4-3) and incubated for 5 days. An individual colony, designated Xa 
IT, was transferred to a 500-ml flask containing 250 ml of Wilbrink's broth and grown 
in shake culture for 3 days at room temperature. Just before inoculation, 1 ml of broth 
culture was serially diluted in 1,5-ml microfuge tubes. Bacterial cells were counted 
using a Petroff-Hausser chamber (Hausser Scientific, Blue Bell, PA). In addition, cell 
dilutions (100 ul/ dilution) were spread on Wilbrink's agar, and colonies were counted 
after 5 days at 28 C. Dilutions used as inoculum contained 101, 105, and 108 cells or 
colony forming units per milliliter. Isolate Xa IT was used in both experiments. 
Inoculation. Single-bud cuttings of each cultivar were immersed in 1 liter of each 
inoculum suspension in plastic, zip-lock bags. After 1 h at room temperature, the 
inoculum was removed and the bags were sealed and maintained overnight at room 
temperature (4-9). The following day, the cuttings were planted in 32-well styrofoam 
trays containing Jiffy-Mix Plus (Jiffy Products of America Inc., Batavia, IL) and 
maintained under greenhouse conditions. The plants were watered regularly and 
fertilized (N= 15%,P=30%, K=15%, 2.6 g per liter) every time symptoms of mineral
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deficiency, as indicated by general leaf chlorosis, were observed. The two experiments 
were conducted from Oct 1993 to Apr 1994 and from Dec 1994 to June 1995.
Disease assessment and analysis. The sugarcane plants were observed for white leaf 
stripes every 15 days, from 45 to 210 days after inoculation. The position the 
symptomatic plants occupied in the tray was marked on a map at each evaluation date. 
At the last evaluation, leaf samples were collected for assessing latent infections. All 
non-senescent leaves were excised from each plant using a knife that had been dipped 
in 95% ethanol and flamed. Sections 2.5 cm in length from these leaves were packed 
tightly into 1,5-ml microfuge tubes (4-6) and kept on ice. The tubes were centrifuged 
at 8,000X g for 3 min in a microfuge or in a Du Pont-Sorval RC5B centrifuge using the 
SH-MT rotor for 1.5-ml tubes. The leaf segments were removed from the tubes using 
sterile tweezers. Sap volumes of approximately 20 ul were collected from each sample 
and plated on a semi-selective medium (4-3) using sterile wood toothpicks. The plates 
were maintained at 28 C and observed for the presence of small, light yellow 
nonmucoidal colonies, typical of X  albilineans, 7 days later. The cumulative 
frequencies of infection (total number of symptomatic plants plus latent infections) 
were analyzed using the probit procedure of SAS (Statistical Analysis System Inc.,
Cary, NC) to estimate ED50 values (log10 of the bacterial concentration required to 
infect 50% of the inoculated plants) (4-5) for each cultivar.
Cultivar response to leaf scald also was measured based on the cumulative 
frequencies of death or recovery in symptomatic plants at all three inoculum
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concentrations, and on the cumulative frequencies of symptomatic plants inoculated 
with the higher inoculum (108 cells/ml of X. albilineans) recorded at each evaluation 
date. Plants were considered recovered from leaf scald disease if no white stripes were 
evident during the period of 150 to 210 days after inoculation. Agreement of ED50 
values with cumulative frequency of death or recovery in symptomatic plants and the 
cumulative frequencies of symptomatic plants at different evaluation dates were tested 
by correlation analysis. Correlation analyses were conducted only with cultivars 
included in both experiments.
RESULTS
White longitudinal stripes, identical to those observed on leaves of diseased 
plants under field conditions, were observed as early as 30 days after inoculation in 
both experiments. Newly symptomatic plants were observed at 15-day intervals 
ranging from 45-210 days (Table 4-1). Symptoms developed earlier in plants 
inoculated with the higher inoculum concentration (results not shown).
The frequency of infected plants varied among cultivars and inoculum 
concentrations (Table 4-2). Around one fifth (19% in 1993 and 23% in 1994) of the 
total number of infected plants represented latent infections as determined by bacterial 
isolation from leaf sap. In 1993, the infection frequency ranged from zero (10 
cultivars) to 11% (L 62-96) with 101 cfu/ml, 3 (LCP 85-384) to 97% (HoCP 85-845) 
with 105 cfu/ml, and 9 (LCP 85-384) to 100% (CP 74-383) with 108 cfu/ml. In 1994, 
the frequency ranged from zero (four cultivars) to 22% (LCP 82-89) with 10* cfu/ml,
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TABLE 4-1. Record of first observation of leaf scald symptoms in sugarcane plants 
determined every 15 days from 45 to 210 days after inoculation in 1993 and 1994.
Days after 
inoculation
1993 1994
No. of new 
symptomatic 
plants3
% of total 
symptomatic 
plants
No. of new 
symptomatic 
plants3
% of total 
symptomatic 
plants
45 67 19 76 27
60 30 9 44 16
75 20 6 42 15
90 41 12 20 7
105 24 7 21 8
120 29 8 17 6
135 31 9 10 4
150 24 7 20 7
165 29 8 6 2
180 18 5 4 1
195 23 6 11 4
210 15 4 8 3
3 Values are number of symptomatic plants observed for the first time at each date for all 
cultivars and inoculum concentrations combined.
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TABLE 4-2. Cumulative frequency of leaf scald in sugarcane plants, derived from 
single-bud-cuttings inoculated with three concentrations o f Xanthomonas albilineans, 
as determined by symptom observations and pathogen isolation after 210 days.
Cultivar
1993 1994
Inoculum concentration 
(logio cfu/ml)
Inoculum concentration 
(log10 cfu/ml)
1 5 8 1 5 8
HoCP 85-845 0/32 31/32 31/32 n. t. n. t. n. t.
CP 74-383 0/31 29/31 24/24 2/23 18/22 22/23
CP 74-383/RSDa 0/32 30/32 32/32 0/17 10/18 9/15
LCP 82-89 0/20 16/25 23/24 7/32 29/32 32/32
CP 72-370 1/32 12/30 29/31 1/32 17/32 21/32
L 62-96 3/28 13/25 18/29 n. t. n. t. n. t.
CP 70-321 0/31 17/30 16/32 5/32 17/32 18/32
CP 70-32l/RSDa n. t. n. t. n. t. 1/32 11/32 16/32
LCP 86-454 0/25 9/29 12/29 0/32 12/27 26/32
CP 88-739 0/32 9/32 12/32 n. t. n. t. n. t.
LHo 83-153 2/29 7/30 12/30 0/32 3/32 20/32
CP 65-357 0/32 5/32 6/32 3/32 8/32 19/32
CP 79-318 1/31 3/28 9/31 1/32 8/31 12/31
L 88-63 1/32 4/31 10/32 n. t. n. t. n. t.
LCP 85-384 0/32 1/32 3/32 0/32 3/32 6/32
“ Cultivars infected with the ratoon stunting disease pathogen, Clavibacter xyli subsp. xyli. 
n.t.= not tested
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9 (LCP 85-384 and LHo 83-153) to 91% (LCP 82-89) with 10s cfu/ml, and 19 (LCP 
85-384) to 96% (CP 74-383) with 10s cfu/ml. In 1994, plants of CP 74-383 and CP 
70-321 infected with the RSD pathogen showed lower frequencies of infection by the 
leaf scald pathogen, for all three inoculum concentrations, than RSD-ffee plants.
The different frequencies of infection resulted in different estimated EDS0 values 
and regression equations describing the log concentration/probit-response relationship 
(Table 4-3). The ED50 values ranged from 3.0 (HoCP 85-845) to 12.3 (LCP 85-384) 
in 1993 and from 3.1 (CP 74-383) to 9.8 (LCP 85-384) in 1994. The slopes of the 
regression lines describing the inoculum concentration/response relationship varied 
from 0.16 to 0.98 in 1993 and from 0.19 to 1.94 in 1994. Chi-square tests indicated 
that the probability of response increased significantly as the inoculum concentration 
increased for most cultivars in both years. In no case did the slope of the regression 
line reach 2.0. This indicates X. albilineans cells acted independently to infect the 
inoculated sugarcane cuttings (4-5). Based on the mean ED50 values (Table 4-3), the 
cultivars were grouped into three classes: 1.) resistant (ED50 > 8.0): LHo 83-153, CP 
65-357, CP 79-318, L 88-63 and LCP 85-384; 2.) intermediate (ED50 5.0 - 7.1): CP 
72-370, L 62-96, CP 70-321, LCP 86-454 and CP 88-739; and 3.) susceptible (ED50 < 
5.0 ): HoCP 85-845, CP 74-383 and LCP 82-89. The lower frequencies of infection 
resulted in higher EDS0 values for plants of CP 74-383 and CP 70-321 previously 
infected with the RSD pathogen. However, the differences were not sufficient to 
separate the dual and single infection plants into different reaction classes.
TABLE 4-3. ED50 (log10 of the bacterial concentration required to infect 50% of inoculated plants) determined by probit analysis of 
cumulative frequencies of infected sugarcane plants inoculated with three concentrations of Xanthomonas albilineans in 1993 and 
1994.
Cultivar
1993 1994
EDJ0(95% fiducial 
limits)
Regression
equation
P>Chi-
square
ED50 (95% fiducial 
limits)
Regression
equation
ft>Chi-
square
Mean
e d 50
HoCP 85-845 3.0 (2.3, 3.7) Y=-2.2+0.73X 0.0001 n. t. n. t. nt 3.0
CP 74-383 3.2 (2.4, 3.9) Y=-3.2+0.98X 0.0001 3.1 (1.4,4.3) Y=-1.3+0.43X 0.0001 3.2
CP 74-383/RSD- 3.1 (2.3, 3.8) Y=-2.7+0.88X 0.0001 4.7 (2.8,6.5) Y=-1.4+0.29X 0.0002 3.6
LCP 82-89 3.9 (2.9,4.8) Y—2.3+0.59X 0.0001 4.4 ( ... )b Y=-8.6+1.94X 0.9998 4.2
CP 72-370 5.5 (4.5, 6.2) Y—3.3+0.60X 0.0001 4.7 (0.9, 5.6) Y=-2.4+0.51X 0.0066 5.1
L 62-96 5.2 (1.9, 7.6) Y—1.0+0.20X 0.0005 n. t. n. t. nt 5.2
CP 70-321 5.4 (3.8, 7.1) Y=-1.3+0.24X 0.0001 5.4 (0.2, 9.6) Y=-0.7+0.14X 0.0043 5.4
CP 70-32 l/RSD8 n. t. n. t. n. t. 6.9 (4.9, 9.7) Y=-1.4+0.20X 0.0002 7
LCP 86-454 6.8 (5.2, 9.4) Y=-1.7+0.24X 0.0002 5.3 (4.2, 6.4) Y=-2.0-K).15X 0.0001 6.1
CP 88-739 7.1 (5.6, 9.5) Y=-1.7+0.24X 0.0001 n. t. n. t. nt 7.1
LHo 83-153 9.2 (5.3,24.6) Y=-1.5+0.16X 0.0287 7.0 (6.0, 8.4) Y=-2.7+0.38X 0.0001 8.1
CP 65-357 10.0 (7.3,24.1) Y=-1.6+0.16X 0.0082 7.5 (5.6, 9.8) Y=-2.8+0.37X 0.0169 8.8
CP 79-318 9.6 ( ... )b Y=-3.1+0.32X 0.0914 8.2 (5.9,13.0) Y=-1.5+0.18X 0.0016 8.9
L 88-63 10.3 ( ... )b Y=-2.3+0.22X 0.2155 n. t. n. t. nt 10.3
LCP 85-384 12.3 (8.8,59.3) Y—2.0+0.16X 0.0256 9.8 (7.5,19.0) Y=-1.9+0.19X 0.0038 11.0
a Cultivars infected with the ratoon stunting disease pathogen Clavibacter xyli subsp. xyli. 
b 95% fiducial limits not estimated SAS statistical program. n.t.= not tested - j
U i
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Cultivar response to leaf scald also was compared based on the cumulative 
frequencies of death or recovery in symptomatic plants (Table 4-4). For cultivars CP 
74-383, with or without RSD, and LCP 82-89, over 50% of the symptomatic plants 
died in 1993 and over 70% died in 1994. No recovery was observed for any plants of 
these cultivars. No symptomatic plants from cultivars CP 65-357, CP 70-321, CP 72- 
370, CP 79-318, CP 88-739, L 62-96, L 88-63, LCP 85-384, HoCP 85-845, LCP 86- 
454, LHo 83-153 were killed by X. albilineans in 1993, but 9 and 4% of the 
symptomatic plants of CP 70-321 and CP 65-357, respectively, died in 1994. The 
frequency of recovery for these cultivars ranged from 2 (LCP 85-845) to 91% (CP 79- 
318) in 1993 and from 6 (CP 72-370) to 87% (CP 65-357) in 1994.
ED50 values for cultivars in 1993 and 1994 were highly correlated (Table 4-5).
In 1993, significant correlation was observed also between ED50 and the cumulative 
frequency of dead plants, recorded during the entire period the experiment was 
conducted, and between ED50 and the cumulative frequency of symptomatic plants 
(inoculated with 108 cells/ml of X. albilineans) recorded from 120 to 210 days after 
inoculation. In 1994, significant correlation was observed between EDsoand 
cumulative frequencies of death and recovery in symptomatic plants, recorded during 
the entire period the experiment was conducted, and between ED50 and the cumulative 
frequency of symptomatic plants, recorded from 150 to 210 days after inoculation.
TABLE 4-4. Cumulative frequencies of symptomatic plants killed by leaf scald disease or recovered from symptoms at the end of 
the 1993 and 1994 experiments.
Cultivar 1993 1994
Total Dead % Recovery % Total Dead % Recovery %
HoCP 85-845 46 1 2 1 2 n. t. n. t. n. t. nt nt
CP 74-383 60 31 52 0 0 38 31 82 0 0
CP 74-383/RSD2 60 33 55 0 0 19 15 79 0 0
LCP 82-89 39 25 64 0 0 57 40 70 0 0
CP 72-370 32 2 6 2 6 31 2 6 2 6
L 62-96 26 0 0 19 73 n. t. n. t. n. t. nt nt
CP 70-321 20 0 0 1 5 34 3 9 9 26
CP 70-32l/RSDa n. t. n. t. n. t. n. t. n. t. 14 0 0 0 43
LCP 86-454 11 0 0 0 0 11 0 0 0 0
CP 88-739 13 0 0 5 38 n. t. n. t. n. t. nt nt
LHo83-153 19 0 0 13 68 23 0 0 18 78
CP 65-357 11 0 0 2 18 23 1 4 20 87
CP 79-318 11 0 0 10 91 16 0 0 9 56
L 88-63 7 0 0 1 14 n. t. n. t. n. t. nt nt
LCP 85-384 1 0 0 0 0 13 0 0 5 38
a Cultivars infected with the ratoon stunting disease pathogen, Clavibacter xyli subsp. xyli. n.t.= not tested
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TABLE 4-5. Correlation of ED50 values and cumulative frequencies o f death or 
recovery in symptomatic plants and infection at different evaluation dates in plants 
inoculated with the highest concentration of Xanthomonas albilineans.
Parameters Year
Coefficient of correlation a
ED50 1993 ED50 1994 Mean EDS0
ED50b 1993 1.00 0.96** 1.00**
1994 0.96** 1.00 0.98**
Recovery frequency0 1993 0.46 0.46 0.47
1994 0.77** 0.71* 0.76**
Death frequency 1993 -0.76** -0.66* -0.74**
1994 -0.79** -0.69* -0.77**
Infection frequency (60 1993 -0.59 -0.51 -0.58*
days after inoculation) 1994 -0.33 -0.36 -0.33
Mean -0.52 -0.50 -0.52
Infection frequency (90 1993 -0.73* -0.63* -0.71*
days after inoculation) 1994 -0.43 -0.46 -0.44
Mean -0.62 -0.59 -0.62
Infection frequency (120 1993 -0.74* -0.63* -0.72*
days after inoculation) 1994 -0.61 -0.62 -0.61
Mean -0.69* -0.64* -0.68*
Infection frequency (150 1993 -0.77** -0.70* -0.76**
days after inoculation) 1994 -0.66* -0.68* -0.66*
Mean -0.76** -0.72* -0.75*
Infection frequency ( 180 1993 -0.83** -0.76** -0.82**
days after inoculation) 1994 -0.68* -0.71* -0.69*
Mean -0.81** -0.77** -0.80**
Infection frequency (210 1993 -0.89** -0.84** -0.88**
days after inoculation) 1994 -0.69* -0.73* -0.70*
Mean -0.83** -0.83** -0.84**
a Some coefficients were significant at 95% (*) and 99% (**) levels of probability
b EDJ0, effective dose or inoculum concentration necessary to cause disease in 50% of the plants, estimated 
based on cumulative frequencies of infected plants inoculated with 10‘, 105 or 108 cells/ ml ofX. 
albilineans.
c Plants not showing leaf scald symptoms (white leaf stripes) from 150 days after inoculation to the end of 
the experiment.
DISCUSSION
Traditionally, tests of sugarcane cultivar response to leaf scald have been 
conducted under field conditions with the decapitation inoculation method (4-4, 4-12, 
4-13, 4-17, 4- 20, 4- 21). This method involves uncontrolled variables that may affect 
the results. In many cases, the inoculum consists of juice obtained by crushing severely 
infected sugarcane stalks with no estimation of inoculum concentration. Different 
inoculum concentrations may result in different plant responses and/or frequency of 
infections as demonstrated in this work, especially for the susceptible and resistant 
cultivars. Another problem is associated with the quality of the inoculum used as 
pointed out by Valdebenito and Tokeshi (4-19). Vascular bundles of leaf scald-infected 
sugarcane plants were found to harbor a mixture of bacterial species (4-18). These 
bacteria could interact with X. albilineans interfering with the process of plant infection 
and disease development (4-19). Clavibacter xyli subsp. xyli infections occur in 
sugarcane, and infection with this pathogen appeared to interfere with infection by X. 
albilineans in CP 74-383 and CP 70-321 in one year.
In addition, the use of the decapitation inoculation method to assess leaf scald 
resistance has not always produced results that match field reactions to leaf scald. In 
experiments carried out in Australia with 15 cultivars of known field reaction under 
natural conditions, differences in clone reactions occurred between trials, which were 
attributed to variable weather conditions (4-4). It was impossible to separate the 
intermediate and susceptible groups of cultivars, and one cultivar, which was resistant
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in the field under natural conditions, was rated as intermediate (4-4). Leaf scald 
symptom expression in cultivars in inoculation tests conducted in the field under 
Louisiana conditions have been erratic (M. P. Grisham and J. W. Hoy, unpublished). 
These results indicate the need for an alternative method to assess cultivar responses to 
leaf scald.
In this work, we used an infectivity titration procedure to assess resistance of 
sugarcane to the leaf scald disease under greenhouse conditions. Fiducial limits 
indicated that the precision of the estimated ED50 values varied among cultivars. 
Precision was poor when estimated values were above the range of inoculum 
concentrations used, as would be expected. Nevertheless, good agreement among 
ED50 values between experiments was observed. Good agreement between ED50 and 
cumulative frequency of death and recoveries in symptomatic plants also was shown. 
Concentrations of around 103 to 104 cells/ml of X. albilineans would be enough to 
infect 50% of the plants of the susceptible cultivars, such as CP 74-383 and LCP 82- 
89. Furthermore, 52 to 82% of the symptomatic plants of these cultivars were killed. 
The resistant cultivars (LHo 83-153, CP 65-357, CP 79-318, L 88-63 and LCP 85- 
384) would have required a 104to 108 greater concentration of bacterial cells for 50% 
infection than would be required for susceptible cultivars. In addition, most 
symptomatic plants of resistant cultivars recovered from symptoms. HoCP 85-845 was 
an exception. It had a low estimated ED50 value, but diseased plants were not killed by
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the pathogen. At the same time, no recovery was detected. These results suggest 
HoCP 85-845 may be tolerant to leaf scald.
The results o f this study are in agreement with the results of a field survey to 
determine the geographic distribution, incidence and severity o f leaf scald in naturally 
infected sugarcane in Louisiana (4-10). In that survey, leaf scald was most widely 
distributed in cultivars CP 74-383 and LCP 82-89, which were also the most affected 
by the disease in terms of incidence and severity. In a field of drought-stressed CP 74- 
383, extensive plant death and severe losses were observed. HoCP 85-845 was 
released in 1993, and infected plants were found in 11 out of 55 seedcane fields 
surveyed. Leaf scald symptoms were not observed in any fields of LCP 85-384 at the 
same locations. In CP 70-321, CP 72-370 and LHo 83-153 the disease was less widely 
distributed, and low disease incidence was found within fields. Leaf scald was not 
observed in fields of CP 65-357. The cultivars tested in this study, using infectivity 
titration, also were tested in two field experiments using the decapitation method (M.
P. Grisham, unpublished data). The reactions of CP 65-357 and LCP 82-89 in field 
observations and infectivity titration experiments did not agree. CP 65-357 was among 
the most susceptible in the field experiments and LCP 82-89, known to be susceptible 
in the field, was rated as intermediate in those tests, with a mean score of 3.8 on a one 
to nine scale. Cultivar response-year interaction also was observed in the field 
experiments.
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Considered altogether, these results indicate that infectivity titration conducted 
in the greenhouse may provide a better alternative to the decapitation inoculation 
method to assess the resistance of sugarcane clones to leaf scald disease. The ED50 
values, estimated based on cumulative number of symptomatic plants and latent 
infections at 210 days after inoculation, permitted ranking of the cultivars into three 
resistance classes which, when combined with the frequencies of death and recovery in 
symptomatic plants, gave very good agreement with observed cultivar responses under 
natural conditions.
The same clone rankings were obtained with the cumulative frequencies of 
symptomatic plants at the highest inoculum concentration (108 cells/ml), as early as 150 
days after inoculation, as indicated by correlation analysis. This suggests that the use 
of only one inoculum concentration, with evaluations based only on symptom 
expression, would be sufficient to assess cultivar resistance. The use of only one 
inoculum concentration and evaluation procedure would simplify the technique and 
allow a larger number of genotypes to be tested. This would be a useful technique for 
the routine assessment of clone reactions determined as part of a cultivar selection 
program.
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SUMMARY AND CONCLUSIONS
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This work was conducted with three main objectives: 1.) to develop a simple 
polymerase chain reaction-based technique to detect low populations of X. albilineans, 
the causal agent of leaf scald disease of sugarcane, 2.) to determine the usefulness of 
rep-PCR to identify and determine variability inX  albilineans, and 3.) to determine the 
usefulness of infectivity titration in the greenhouse in assessing resistance of sugarcane 
to the leaf scald disease.
The PCR technique and primers for the spacer regions between t-RNA genes, 
T3A and T5B, were used for pathogen detection. Specificity was determined using 
purified DNA of: X  albilineans from different geographic locations, Acetobacter 
diazotrophicus, the sugarcane ratoon stunt disease pathogen Clavibacter xyli subsp. 
xyli, Xanthomonas campestris pv. campestris, X. campestris pv. translucens, 
Xanthomonas oryzae pv. oryzae, sugarcane bacterial endophytes, and purified genomic 
DNA from sugarcane. A segment of DNA of approximately 170 bp was amplified for 
all X. albilineans strains, Xanthomonas campestris pv. campestris, X. campestris pv. 
translucens and two sugarcane endophytes, SE 49 and SE 51. DNA amplification from 
other organisms resulted in fragments of different sizes. Low frequency of false 
positives was observed when greenhouse and field samples consisting of sap of 
symptomatic, asymptomatic, and apparently healthy sugarcane plants, were tested.
This suggested that endophytes such as SE 49 and SE 51 are not frequent and/or are 
not in population large enough to be detected by PCR. Good agreement between PCR 
and isolation also was observed. PCR was faster allowing pathogen detection in less
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than one day. Isolation required five to seven days. Both methods resulted in about 
80% detection frequencies from symptomatic plants but in low detection frequencies 
from asymptomatic plants. These plants may contain X. albilineans below the 
detection limit which for PCR was 1.3xl04 cfu/ml. This is equivalent to 26 cfiis in 2-ul 
sap used in the master mix for amplification. Considering the high sensitivity of PCR, 
adoption of procedures to concentrate the bacterial cells, such as sap filtration, and 
procedures that result in a larger number of lysed cells, would certainly improve the 
sensitivity of the technique.
The rep-PCR technique, with primers complementary to repetitive extragenic 
sequences named BOX (BOX elements) and ERIC (enterobacterial repetitive intergenic 
consensus), was used to identify and determine variability in X. albilineans. DNA 
and/or cells of 42 X  albilineans isolates from four countries, six pathovars o f X. 
campestris, X. oryzae pv. oryzae, X. fragariae, Acetobacter diazotrophicus,
Clavibacter xyli subsp. xyli, C. xyli subsp. cynodontis, and Escherichia coli were 
analyzed. Generated fingerprints permitted clear separation of X. albilineans from the 
other bacterial species. Within X. albilineans, seven and nine groups were revealed by 
BOX and ERIC, respectively. BOX primer provided better discrimination between 
isolates representing different geographic origins and serovars. Cluster analysis showed 
uniformity in the Louisiana, Brazilian and Mauritian populations oiX. albilineans. The 
fingerprint similarity in the Louisiana population, originally collected from different 
regions in the state, suggests a common origin for all isolates. A more comprehensive
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work, including representatives from a larger number of geographic locations, would 
probably indicate the source of the Louisiana isolates. Fingerprints also were produced 
when cell lysate from liquid cultures or colonies were used in the PCR master mix. 
When compared with metabolic profiles (Biolog) or sweet com pathogenicity assay, 
rep-PCR was faster and more reliable in correctly identifying the sugarcane leaf scald 
pathogen. These results indicate rep-PCR can be an effective tool in studies of genetic 
diversity in X. albilineans, and with the use of cell lysate, a fast, reliable method to 
identify the pathogen for routine leaf scald disease diagnosis.
Greenhouse experiments were conducted to determine the potential of 
infectivity titration to evaluate the resistance of sugarcane to leaf scald. Single-bud- 
cuttings were inoculated in 1993 and 1994 with suspensions containing 101, 10s or 108 
cells/ml of X. albilineans. The occurrence of symptoms was recorded every 15 days 
from 45 to 210 days after inoculation. At the final evaluation date, leaf vascular sap 
was plated on selective medium to detect latent infections. ED50 (log10 of the bacterial 
concentration required to infect 50% of inoculated plants) was estimated for each 
cultivar based on probit analysis of cumulative infection frequencies. Frequency of 
infected plants varied among inoculum doses and cultivars and resulted in ED50 values 
ranging from 3.0 to 12.3 in 1993 and from 3.1 to 9.8 in 1994. Good agreement 
between years was observed. Differences in ED50 allowed the cultivars to be grouped 
into three classes which were in agreement with field observations. Cultivar responses 
to leaf scald also were compared based on the cumulative frequencies of death and
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recovery in symptomatic plants and the frequencies of symptomatic plants observed at 
different evaluation dates for plants inoculated with 108 cells/ml of X. albilineans.
Good agreement between ED50 values and these responses were observed. The results 
indicated that an inoculated test conducted in the greenhouse, using infectivity titration 
or just one inoculum concentration, could provide an alternative to field tests for 
assessing resistance of sugarcane to leaf scald.
In conclusion, the results of this research indicate that with the use of 
appropriate primers, polymerase chain reaction can provide a fast way to detect, 
identify and study variability in the sugarcane pathogen X. albilineans. Also, the 
greenhouse infectivity titration assay was demonstrated as an alternative to the field 
inoculation tests to accurately and reliably assess sugarcane resistance to leaf scald.
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